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ABSTRACT
The sy n th e se s  o f  2 ,6 -p y r id in o p h a n e s  and r e l a t e d  he terom acro ­
cy c le s  a re  s tu d ie d  w ith  p a r t i c u l a r  I n t e r e s t  focused  on new e f f i c i e n t  
methods f o r  c y c l i z a t i o n .
S tu d ie s  were i n i t i a l l y  d i r e c t e d  toward u t i l i z a t i o n  o f  c l a s ­
s i c a l  co n d en sa t io n  r e a c t i o n s  t o  e f f e c t  c y c l i z a t i o n .  P e rk in  and 
Knoevenagel co n d en sa t io n s  of p h e n y la c e t ic  ac id  o r  a -p heny lace tophenone ,  
r e s p e c t i v e l y ,  w ith  benzaldehyde a re  known to  g ive  as  th e  m ajor p roduct 
an o l e f i n  w ith  c i s  o r i e n t e d  phenyl r i n g s .  This s te re o c h e m is t ry  i s  a 
r e s u l t  o f  th e  s t e r e o e l e c t r o n i c  o v e r la p  c o n t ro l  du r in g  th e  e l im in a t io n  
o f  w a te r  from th e  i n i t i a l  ad d u c t .  However, th e s e  p ro c e d u re s ,  u s ing  
the  th e rm a lly  s t a b l e  e t h y l  2- p y r id y l a c e t a te ,  of-(2-p y r id y l )a c e to p h e n o n e ,  
and a - ( 4-n i t ro p h e n y l)a c e to p h e n o n e  w ith  benzaldehyde and 2-p y r id in e -  
carboxaldehyde led  to  an unexpected  predominance o f  th e  t r a n s  isom er. 
Condensations viia p ip e r i d in e  under a v a r i e ty  o f  c o n d i t io n s  i l l u s t r a t e d  
th a t  th e  i n i t i a l l y  formed E - o l e f in  ( c i s  arom atic  r in g s )  i s  e q u i l i b r a t e d  
by n u c le o p h i l i c  a d d i t io n  (M ichael) and subsequent p r e f e r r e d  e l im in a t io n  
o f  p ip e r i d in e  to  th e  Z - o l e f in  ( t r a n s  arom atic  r i n g s ) .  R eac tions  w ith  
2-p y r ld in eca rb o x a ld eh y d e  in  n o n -p ro t i c  medium (benzene) re q u i re d  an 
e q u iv a le n t  amount, r a t h e r  th an  a c a t a l y t i c  q u a n t i t y ,  o f  p ip e r i d in e  to  
s u c c e s s f u l ly  remove th e  t h e o r e t i c a l  amount o f  w a te r ;  Michael a d d i t io n  
occurred  a f fo rd in g  th e  p ip e r i d in e  a d d u c ts .  Subsequent a c id - c a ta ly z e d  
t r a n s - e l i m i n a t i o n  o f  p ip e r i d in e  from th e  Michael adduc ts  a f fo rd e d  only 
th e  Z - o l e f in s .  Experiments w ith  a - ( i t -n i t ro p h e n y l)a c e to p h e n o n e  and 
benzaldehyde showed t h a t  in c o rp o ra t io n  o f  sm all amounts o f  ac id  (b en zo ic )
ix
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s h i f t e d  the  is o m e r iz a t io n  (e q u i l ib r iu m )  o f  th e  E- to  Z-isom er even 
more d r a m a t ic a l ly ,  as  e x p e c te d ,  by f u r t h e r  enhancement o f  1 , 4- a d d i t i o n  
t o ,  as w e ll  as e l im in a t io n  from , th e  con juga ted  <y,/?-unsaturated carbony l 
system o f  th e  E-isom er. C ondensation  vti^  t e r t i a r y  o r  h in d e re d  secondary 
amines e x c lu s iv e ly  a f fo rd e d  th e  in te rm e d ia te  a l c o h o l ;  subsequent dehy­
d r a t i o n  r e s u l t e d  i n  d e t e c t i o n  o f  only  th e  co rre sp o n d in g  t r a n s  isom er.
During th e  p r e p a r a t io n  o f  e t h y l  2 - p y r i d y l a c e t a t e ,  th e  p re ­
v io u s ly  u n d e te c te d  l -c a rb e th o x y -2 -h y d ro x y -3 ~ (2 -p y r id y l ) -4 H -q u in o l iz in -  
4 -one was i s o l a t e d  and c h a r a c te r i z e d  (Appendix l ) .
P h o to iso m e r iz a t io n  o f  t r a n s  to  c i s - ( 2 - p y r i d y l ) o l e f i n s  has 
been perform ed. D ie l s -A ld e r  r e a c t io n s  between or-pyrone and 6 - s u b s t i t u t e d  
2- p y r id y la c e ty le n e s  have been u t i l i z e d  to  p re p a re  s i m i l a r  c i s  o r i e n t e d  
p y r id y l  sys tem s .  However, n e i t h e r  o f  th e se  systems has been su c c e ss ­
f u l l y  c y c l iz e d .
A study o f  th e  D ie l s -A ld e r  r e a c t i o n s 1 o f  t e t r a a r y l c y c lo p e n t a -  
d leneones  and d i a r y l a c e t y l e n e s , which bo th  c o n ta in  th e  2- p y r id y l  g roup, 
has been i n i t i a t e d .  (Appendix I I ) .
A s tudy  o f  c o n d en sa t io n  r e a c t io n s  u s in g  2 -p y r id y l  a n i l s  has 
a l s o  been i n i t i a t e d .
F i n a l l y ,  a te m p la te  r e a c t i o n ,  , c o o rd in a t io n  to  a c e n t r a l  
m e ta l  io n ,  has e a s i l y  e f f e c t e d  c y c l i z a t i o n  t o  produce 2 ,6-p y r id in o  
m a c ro c y c le s , 1 , 5 ,9 , l 3~t e t r a ° x a - 7 >l5“d i ( 2 ,6 ) p y r id a - 3 , l l - d i ( l , 2 )phenacyclo- 
hexadecane (221^ n = 2 ) ,  and l , 5 ,9 , l 3 , 17 , 21-h ex ao x a -7 , l 5 >23- t r i ( 2 ,6 )- 
p y r id a - 3 , l l , l 9- t r i ( l , 2 )p h e n a c y c lo te t r a c o s a n e  (221 ,̂ n  = 3 ) i n  40$ and 
jja y i e l d ,  r e s p e c t i v e l y .  U t i l i z a t i o n  o f  an a l k a l i  m eta l c a t i o n i c  te m p la te
with permission of the copyright owner. Further reproduction prohibited without permission.
p e rm i ts  I s o l a t i o n  o f  th e  f r e e  l ig an d  which can be s tu d ie d  and subse­
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INTRODUCTION
In  r e c e n t  y e a r s ,  t h e r e  has been a c o n s id e ra b le  amount o f  r e ­
s e a rc h  d i r e c t e d  toward th e  s y n th e s i s  o f  a n n u le n e s , cyc lophanes ,  and In
p a r t i c u l a r ,  m a c ro cy c llc  compounds c o n ta in in g  h e te ro -a to m s .  V a r ia t io n s
#
In  r in g  s i z e ,  h e te ro -a to m s ,  and in h e re n t  geom etr ic  f u n c t i o n a l i t y  perm it 
r e l a t e d  s tu d ie s  o f  th e  m acrocycles and th e  co rre sp o n d in g  m e ta l  complexes 
w ith  r e s p e c t  to  a r o m a t i c i t y ,  c o o rd in a t io n  a b i l i t y ,  and b io l o g i c a l  a c t i ­
v i t y .  However, s t u d i e s  o f  th e  p h y s ic a l  and chem ica l p r o p e r t i e s  have been 
long -range  a n d /o r  secondary  g o a ls ;  th e  p rim ary  goal has been th e  s y n th e s is  
o f  th e  d e s i r e d  m acrocyc le s .
The pu rpose  o f  t h i s  work i s  t o  f in d  e f f i c i e n t  s y n th e t i c  p ro ce ­
dures  f o r  c o n s t r u c t io n  o f  h e te ro -m a c ro c y c l ic  compounds s p e c i f i c a l l y  
u t i l i z i n g  the  2 ,6 -p y r id in o  m o ie ty .  More s p e c i f i c a l l y ,  th e  d e s i r e d  c y c l i c  
compounds should  c o n ta in  two o r  more p y r id in e  r i n g s ,  each in te rc o n n e c te d  
by a t  l e a s t  two o th e r  atoms. The s im p le s t  compound o f  t h i s  c l a s s  i s  ^  
(n=>l). I n c o r p o r a t io n  o f  o th e r  in t e r c o n n e c t in g  sequences would a f fo rd  
2 , k , and £ ,  where X r e p r e s e n t s  a h e te r o  atom (o ,  S , o r  N). Of th e  
above s k e l e t a l  s e r i e s ,  on ly  and £  were a c t i v e l y  pursued .
S ince p y r id in e  ch em is try  has been tho rough ly  reviewed th rough  
I 96 I+ in  an e le g a n t  four-volum e s e r i e s , 1 th e  in t ro d u c to ry  m a te r i a l  i s  
p re s e n te d  in  two s e c t i o n s .  P a r t  I  c o n ta in s  predom inan tly  con d en sa t io n  
r e a c t io n s  of th e  2 -p y r id y lm e th y l  group. S ince  th e se  co n d en sa t io n  r e ­
a c t io n s  a re  m ainly p e r t i n e n t  to  s y n th e t i c  ro u te s  toward th e  r e q u i s i t e  
s id e  c h a in  f u n c t i o n a l i z a t l o n  r e v e a ls  some o f  th e  i n t r i g u i n g  p r o p e r t i e s  
o f  p y r id in e  c h e m is t ry .  In  P a r t  I I ,  a b r i e f  rev iew  o f 2 ,6 -p y r id in o p h a n e s  
and r e l a t e d  h e te ro -m a c ro c y c le s  i s  p re se n te d .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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PART I
Due to  the  e l e c t r o n - a t t r a c t i n g  in d u c t iv e  and resonance e f f e c t s  
o f  th e  p y r id in e  n i t ro g e n  atom, 2-p y r id y lm e th y l  (2- p i c o l y i )  hydrogens a re  
a c i d i c  and thus  r e a d i ly  a b s t r a c te d  by s t ro n g  b a s e s .  The a c i d i t y  o f  s id e  
ch a in  p ro tons  can be f u r t h e r  in c re a s e d  by sim ple p r e p a r a t io n  o f  th e  c o r ­
responding  py r id in ium  s a l t ,  o r  N -oxide. However, t h i s  type of fu n c t io n -  
a l i z a t i o n  has th r e e  m ajor drawbacks: ( 1 ) adds a d d i t i o n a l  s te p s  t o  any
s y n th e t i c  scheme, (2) N - d e r iv a t iv e s  a re  d i f f i c u l t  to  remove, and (3 ) 
g ive  r i s e  to  an o r th o  s t e r i c  e f f e c t  in  subsequent r e a c t i o n s . i
A l t e r n a t i v e l y ,  th e  a c i d i ty  o f  th e  2 - p i c o l y l  hydrogens i s  en­
hanced upon rep lacem ent o f  one o r  more o f  th e  p ro to n s  w ith  an e l e c t r o n -  
w ithdraw ing s u b s t i t u e n t ,  such as -C02H, -C O ^ ,  -CN, and -COR. A b r i e f  
review  o f  the  key s id e - c h a in  f u n c t i o n a l i z a t i o n  ro u te s  i n  simple p y r id y l  
systems i s  n e c e ssa ry .
O parina2 r e p o r te d  t h a t  2 - p y r ld y l a c e t i c  a c id  undergoes easy 
d e c a rb o x y la t io n  a t  50"6O°* To circum vent t h i s  problem th e  more t h e r ­
m ally  s t a b l e  e s t e r  was u t i l i z e d .  O p a r in a 's  method to  a lk y l  2 - p y r id y l -  
a c e t a t e  i s  shown in  Scheme I . 3 Conversion o f  2 -p h en ac y lp y r id in e  (<S) to  
th e  oxime d e r iv a t iv e  (£) and subsequent Beckmann rearrangem ent a f fo rd e d  
2 - p y r id y l a c e t a n i l i d e  (8^. S o lv o ly s i s  o f  j3 in  a lc o h o l  gave th e  c o r r e s ­
ponding a lk y l  e s t e r s .  Woodward and K o rn fe ld 4 employed d i r e c t  ca rboxy la -  
t i o n  o f  2- l i t h io m e th y lp y r id in e  (L l)  w ith  carbon  d io x id e  and a f t e r  c a r e fu l  
e s t e r i f i c a t i o n  o f  the  r e s u l t a n t  ac id  s a l t  o b ta in e d  e th y l  2- p y r id y l a c e t a t e  
(lj2) in  35-I4O# o v e r a l l  y i e l d .  S im i la r ly ,  th e  co rrespond ing  sod lo
3
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o rg a n o m e ta l l ic  has been re p o r te d  to  g iv e  only  a 25$ y i e l d  o f  1 2 .5 E thy l 
2- p y r i d y l a c e t a t e  ( 12,) can be o b ta in ed  in  a good y i e l d  ( 79$) by s o lv o l -  
y s i s  o f  2- p y r i d y l a c e t o n i t r i l e  ( 1^,)>6 which has been  sy n th e s iz e d  from
QU OUv
13 12
2 -m e th y lp y r id in e  (10,) in  an o v e r a l l  37$  y i e l d  (Scheme I I ) .  O x ida tion  
o f  2 -m e th y lp y r id in e  ( 10^ to  th e  a c id  lh, and subsequent e s t e r i f i c a t i o n  
p rov ided  e t h y l  2 -p y r id y lc a rb o x y la te  ( l £ ) . e R eduction  o f  l £  w ith  l i th iu m  
aluminum h y d r id e  a f fo rd e d  th e  a lco h o l  l 6 , e  which was converted  to  the  
c o rrespond ing  2-ch lo ro m e th y lp y r id in iu m  c h lo r id e  ( 17) upon t rea tm e n t  
w ith  t h i o n y l c h l o r i d e . 6 Po tass ium  cyan ide  in  an aqueous a l c o h o l ic  
medium e f f e c t e d  th e  n u c l e o p h i l i c  t r a n s fo rm a t io n  of 1^ to  L3,. S ch u lz e10 
improved th e  y i e l d  o f  t h i s  s u b s t i t u t i o n  r e a c t i o n  by u s in g  a n u c leo ­
p h i l i c  enhancing s o lv e n t ,  such as d im e th y lsu l fo x id e .
B oekelhelde and L inn11 e f f e c t e d  a novel s y n th e s i s  o f  2- 
hydroxym ethy lpyrid ine  as shown in  Scheme I I I .  T rea tm ent o f  10, w ith  an 
in  s i t u  g en e ra te d  D eracid  a f fo rd e d  th e  N-oxide d e r i v a t i v e  18. Subse-
— — ' r s
quent therm al rearrangem ent o f  18, in  th e  p resen ce  o f  a c e t i c  anhydride  
a f fo rd e d  a m ix tu re  o f  ace toxy s u b s t i t u t e d  2-m e th y lp y r id in e s , which has 
been shown to  be p redom inan tly  2- a c e to x y m e th y lp y r id in e  (!)? )•12
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H ydro lys is  o f  th e  ace toxy  f u n c t io n  fu rn is h e d  th e  d e s i r e d  c a rb in o l  IjS 
( 50$ o v e r a l l  y i e ld  from 1J3) •
2 -C h lo rom ethy lpyrid ine  (20) can be made in  one s te p  by a 











by th e rm o ly s is  o f  th e  in te rm e d ia ry  s a l t . 13*14 R e c e n t ly ,  2-ch lorom ethyl~  
p y r id in e  (20) was p rep a red  by d i r e c t  h a lo g e n a t lo n  o f  10̂  w ith  c h lo r in e  
g a s f 5 A m ix tu re  o f  10̂  and sodium ca rb o n a te  was m a in ta in ed  a t  a tem p era tu re  
below 60°  and t r e a t e d  w ith  a slow s tream  o f  c h lo r in e  gas to  a f fo rd  20 






1 0 20 2 1
Goldberg, _ejt a l . , 16 p rep a red  e th y l  2 - p y r id y l a c e t a t e  ( 12) by 








m e t a l l i c  rea g e n t  t o  d i e t h y l  c a rb o n a te .  2 - P ic o ly l  k e to n e s ,  p repa red  by 
a c y l a t i o n  o f  11, were i n i t i a l l y  r e p o r te d  by Kopppenburg and W ibaut. 17
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A f te r  th e  i n i t i a l  r e a c t io n  o f  lĈ  w ith  p h e n y l l i th iu m ,  rap id  t re a tm e n t  
w ith  a c e ty l c h lo r id e  o r  a c e t i c  anhydride  gave the  ke tone  2g, whereas 
alow a d d i t io n  o f  th e  acy l re a g e n t  r e s u l t e d  in  f u r t h e r  r e a c t io n  o f  th e  





I I X  ACgO
1 3 %
10%
2 4  OH
S im i l a r l y ,  a d d i t io n  o f  b e n z o y lc h lo r id e  to  11̂  a f fo rd e d  e i t h e r  th e  ke tone  
6 o r  an o l e f i n i c  p roduc t ( 2 ^ ) ,  which r e s u l t e d  from d e h y d ra t io n  o f  th e
fa st
Q u  
6 (18%)







in te rm e d ia ry  a l c o h o l .  Treatment o f  11 w ith  benzoic  anhydride  gave th e
^ O ^ C H g L i
Bz20
I I (29% )
+ Ph £ §  
(trace)
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phenyl ke tone  6 along w ith  a t r a c e  amount o f  2-pyridy ld ibenzoy lm ethane  
(2 6 ) .  Goldberg, j j t f i l . , 18,19  made a c o n s id e ra b le  improvement on the  
p r e p a ra t io n s  of 2 - p ic o ly l  k e to n e s  by d i r e c t  a c y la t io n  o f  LU Rapid 
a d d i t io n  o f  a l im i te d  amount o f  methyl e s t e r  to  11̂  a f fo rd ed  the  k e to n e ,  
je .£ .  , w ith  methyl b e n z o a te ,  was I s o la t e d  in  00$ y i e ld .
A c t iv a te d  2 - m e th y lp y r id in e s , where more than  one o f  the  p ic o ly l  
hydrogens has been r e p la c e d  by an e l e c t r o n  withdrawing s u b s t i t u e n t ,  have 
been sy n th es iz ed  by a v a r i e t y  o f  methods. Gruber and S c h lo g l20 u t i l i z e d  
th e  sodium s a l t  o f  d i e t h y l  m alonate  (dry  powder) to  e f f e c t  n u c le o p h i l i c  
rep lacem ent o f  a  ha logen  atom from th e  2- p o s i t i o n  o f  a p y r id in e  r i n g ,
i - e . , 2£  to  28. 2 -P y r id y lm a lo n o n i t r i l e  (^0^) was p repared  i n  56$ y ie ld
Y ~ ^ l  +  NaCH(C0jE*)e l20>  rYl  
^ f r ' C I  53%  V\|
2 7  £ §
by r e a c t io n  o f  2- l i th io m e th y l p y r i d in e  ( 11 )̂ w ith  N -m ethyl-N -cyanoaniline  
(2^ . 21 The d i s p r o p o r t i o n a t i o n  to  th e  n i t r i l e  has been ex p la in ed  by
n c ^ c h ,
< X u - 2 o  - *  O k * . * . + ^
3 0
th e  f a c t  t h a t  th e  m ethylene p ro to n s  o f  th e  i n i t i a l l y  formed 2- p y r id y l -  
a c e t o n i t r i l e  a re  so much more r e a c t i v e  than  p ic o l in e  t h a t  a  p ro to n  i s  
im mediately removed by LU T h is  an ion  th e n  r e a c t s  w ith  th e  second mole
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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o f  2^  to  g iv e  ^ 0 .  B ecke tt  and K e r r id g e22 g en e ra ted  the  sodium e n o la te  
o f  w ith  sodium amide in  to lu e n e  and o b ta in e d ,  by r a p id  a d d i t io n  o f  
v a r io u s  b e n z o y lc h lo r id e s  o r  benzo ic  an h y d r id e ,  a 70$ y i e l d  o f  (on ly )  
C -acy la te d  p ro d u c ts  (^1)* However, a s im i l a r  r e a c t i o n  o f  (5 w ith  a c e t i c  
anhydride  gave r i s e  to  a 75$  y i e l d  o f  (on ly )  0 - a c y la te d  p ro d u c t .
O u
NaNHo ArCOX^
P h  N CHCOAr
31 O ^ P h
B e c k e t t ,  e t  a l . , 23 improved th e  s y n th e s i s  o f  £1 by u t i l i z a ­
t i o n  o f  sodium h y d r id e  as th e  n ece ssa ry  b ase .  The work was a l s o  ex­
tended to  in c lu d e  i s o l a t i o n  o f  two d i s t i n c t  forms f o r  each o f  th e  1 , 3- 
d ik e to n es  p re p a re d .  When only  one isomer was o b ta in e d ,  i t  was shown 





resonance  s t r u c t u r e s ) .  However, i n  some case s  r e c r y s t a l l i z a t i o n  o f  ^2 
from e th a n o l  a f fo rd e d  a h ig h e r  m e l t in g  Isomer which was shown to  have 
th e  s t r u c t u r e ( s )  Hamana and Yamazaki24 r e a c te d  e t h y l  c y a n o a c e ta te
w ith  p y r id in e  N -oxide in  th e  p resen ce  o f  a c e t i c  anhydride  t o  o b ta in  
(26$) e th y l  a - c y a n o -2 - p y r id y la c e ta t e  (%k). Douglass and Wesolosky25




argue t h a t  th e  compound e x i s t s  as and th a t  I f  th e  ta u to m eric  form
Is  p re s e n t  in  an e q u i l ib r iu m  t h a t  " i t s  c o n c e n t r a t io n  i s  below the  
l i m i t s  o f  d e t e c t i o n  by nmr s p e c tro sc o p y " .  In  a r e c e n t  communication, 
Abramovitch, et: _al. , 26 r e p o r te d  a n o v e l ,  d i r e c t  a l k y la t i o n  o f  p y r id in e  
_N-oxide ( ^ )  by r e a c t io n  w ith  p h e n y l p r o p i o lo n i t r i l e  (^(5). The expected  
2£  was o b ta in e d  in  "very  low y ie ld "  and th e  m ajor p ro d u c ts  were ^ 8,
( 56$) and 2 J i ( 1 7 $ ) .  U n fo r tu n a te ly ,  s p e c t r a l  d a ta  t h a t  would allow  
comparison to  th e  ta u to m eric  ^ 1+ were i n s u f f i c i e n t .
HCN
OPhCN
Y lid es  c o n s t i t u t e  a unique type  o f  d o u b le -a c t iv a te d  2 - p ic o ly l  
group. R eac tio n  o f  a lky lphosphona tes  w ith  20, and subsequent removal





»  OvJUv̂ OsJ!P(OR)c 
M'
4 0
o f  a p ro to n  by sodium o r  po tass ium  m eta l has been u t i l i z e d  to  p rep a re  
2 -p y r ld y lm e th y l  y l i d e s ,  j ^ . s7  R e c e n t ly ,  y l i d  (k2) was p re p a re d ,  a l ­
though In  a p p a re n t ly  low y i e l d ,  by r e a c t io n  o f  two e q u iv a le n t s  of 
rae thy lene tr ipheny lphospho rane  w ith  2-b rom opyrid ine  ( ^ ) * 28
+  2 CH«=P(PhL —  . , ,
Br 3 '^SP^CH =P(Ph)3
41 42
2-M eth y lp y rid in es  have been condensed w ith  a ldehydes  by v a r ­
ious a c id ic  r e a g e n ts  o f  which th e  most common i s  a c e t i c  anhydride .  
Under th e se  c o n d i t io n s ,  2 -m e th y lp y r id ln e  (10^ a f fo rd e d  t r a n s -2 -  
s t i b a z o le s  (2- s ty r y l p y r i d i n e s )  JQ, in  good to  e x c e l l e n t  y i e l d s  ( 5I -  
9 ^ ) • 29,30  S im i l a r l y ,  s im ple  N -d e r iv a t lv e s  of 2 -m e th y lp y r id in es  have
+  ArCHO -  > O ^ A r
i2  &
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
H
been condensed under very  m ild  b a s ic  c o n d i t io n s .  Methyl 2 -m e th y lp y r i-  
dinium io d id e  (;^t) r e a c te d  w ith  arom atic  a ldehydes  in  the  p resence  of 
p ip e r id in e  to  a f fo rd  l|0-75$ y i e ld s  o f  th e  c o rre sp o n d in g  J tra n s -2 -  
s t i l b a z o l e  m e th iod ides  (V^)*30 2 -M ethy lpy rid ine  N-oxide (lfr) r e a c te d
w ith  jj-d im ethylam inobenzaldehyde to  a f fo rd  th e  co r resp o n d in g  t r a n s -2 -  
s t i l b a z o l e  N -oxide (k6) in  57$ y i e l d . 31
A lthough many examples o f  con d en sa t io n  r e a c t io n s  o f  2 -m ethy l­
p y r id in e s  and th e  s im ple N - d e r iv a t iv e s  a re  known,1 only  a few c a se s  of 
co n d en sa t io n s  w ith  d i r e c t l y  a c t iv a t e d  2 - p i c o l y l  groups have been r e ­
a l i z e d .  Bragg and W ibberley32 condensed e th y l  2 - p y r id y l a c e t a te  (152) 
w ith  benzaldehyde u t i l i z i n g  p ip e r i d in e  c a t a l y s i s ;  d i s t i l l a t i o n  o f  th e  








.  2) distill
COgEtr
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underwent q u a t e r n iz a t io n  and subsequen t cy c lo co n d en sa tlo n  upon t r e a t ­
ment w ith  e th y l  bromopyruvate a f fo rd in g  d i e th y l  i n d o l i z i n e - 1 , 2-d ica rboxy -  
l a t e  (bQ) . 33 2 -P h en acy lp y r id in e  (6) r e a c te d  w ith  5 - n i t r o f u r f u r a l  in  th e




p resen ce  o f  a c e t i c  anhydride  to  a f fo rd  b^-34  Y lid e s  o f  2 -m e th y lp y r id in e
A cgO ,
)  0 j, N ' ^ 0 - JS c H 0 ". J X O A OjN
cOPh
& 48
have a l s o  been condensed w ith  a ldehydes and k e to n e s , 35  f o r  example bj  ̂






2 ,6 -D im e th y lp y r id in e s  w ith  one a c t i v a t i n g  s u b s t i t u e n t  were 
p rep a red  by u t i l i z a t i o n  o f  th e  same r e a c t io n s  as p r e v io u s ly  d e s c r ib e d  
f o r  2 -m e th y lp y r id in e .  However, d i a c y l a t i o n  o r  d i a l k y l a t i o n  p r e s e n ts  
a d d i t i o n a l  un reso lv ed  problem s. Kloppenburg and Wibaut17 t r e a t e d  2 ,6 -  
d im e th y lp y r id in e  fto) w ith  two equivalents o f  p h e n y l l i th iu m  and subseq u en tly
CH5XXh8 I) PhLi OPhCH
OPh
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added benzoic  anhydride  to  o b ta in  a d ib e n zo y la ted  compound which was 
co n s id e red  to  be DeJong and Wibaut30 extended th e  work and r e ­
ass igned  th e  compound to  be th e  eno l benzoate  Goldberg and L evine10
1) 2  PhLI/EtgO
2 ) PhCOfeCHa 
H, 3) PhCOCI/ 2 hrs> 
a (16 hrs)
COPh59
CH II 54 '8%
- O ^ P h
t r e a t e d  the  monolithium  d e r iv a t iv e  o f  ^  w ith  methyl benzoate  to  ob­
t a i n  a 95$ y i e l d  of £2 . However, i f  a s o lu t i o n  o f  £0 and two equ iva­
l e n t s  of p h e n y l l i th iu m  was t r e a t e d  s u c c e s s iv e ly  w ith  methyl benzoa te  
and benzoyl c h l o r i d e ,  th e  ke tone  ^  ( y ie ld s  v a r ie d  w ith  r e f lu x  t im e ) ,  
the  enol benzoate  and the  l i t h i o  s a l t  of the  ke tone  ^  were 
found . 37 Bergmann and P inchas38 r e p o r te d  th a t  2 ,6 -d im e th y lp y r id in e  > 
a f t e r  t re a tm e n t  w ith  two e q u iv a le n ts  o f  p h e n y l l i th iu m ,  r e a c te d  w ith  
added e th y l  bromide to  a f fo rd  ( 69$) 2 ,6 -d ip ro p y lp y r id in e  (^6 ) .  DeJong 
and Wibaut30 argued a g a in s t  th e  proposed sym m etr ica lly  m e ta l l a te d  
in te rm e d ia te  s in c e  a l k y la t i o n  w ith  benzyl c h lo r id e  a f fo rd ed  
(25$ ) ,  1̂3 ( 17$ ) ,  and a t r a c e  amount o f  an o th e r  d i a lk y la t e d  compound. 
S trong  ev idence su p p o r t in g  th e  s t r u c t u r e  £ £  was o b ta in ed  by com pari­
son to  o th e r  p o s s ib le  isom ers ,  ^  and CO, which were sy n th e s iz e d  by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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56
2 E tB r,
69%
j »  j§6 (xsT" ^  3 I
C H j ' ^ ^ vv - ^ P h
%
unambiguous r o u t e s .  A s tep w ise  mechanism was p r e s e n te d ,  and su b s ta n ­
t i a t e d  by t re a tm e n t  o f  ^  w ith  p h e n y l l i th iu m  and th en  benzyl chloride to
P h - ^ ^ O ^ ^ P h  CH ( Q j ^ *
S& 82
a f f o r d  (25$>) %L>36  Lochte and Cheavens ,39 however, a l s o  succeeded in  
sym m etr ica lly  a l k y l a t i n g  2 , 6-d im e th y lp y r id in e  by two a d d i t io n s  o f  
m ethyl iodide to  a s o lu t i o n  o f  ^0 in  l i q u id  ammonia w ith  sodium amide.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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J j ^ j )  I) NoNHg/NHs CH A -
C H i S l ^ C H s  2) CH .I/1.5 hrs *  £ L 56%  +
5 8  3) CHjI/1.5 hrs
£ g  26%
The mono- and d i a lk y la t e d  d e r i v a t i v e s ,  61 and 62 , were o b ta in ed  in  c a .7 n*tsJ7 —
2:1  r a t i o .  R e c e n t ly ,  ^0^, p h e n y l l i th iu m ,  and J -p h en y lp ro p y l  bromide were 
r e p o r te d  to  a f f o r d  6 ^  (^5$) and 6^, whereas cinnamyl c h lo r id e  gave
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was u n eq u iv o ca lly  e s t a b l i s h e d  by Hiltmann and W ollw eber,3 who g enera ted  
the  mono- and d la n io n s  o f  ^  w ith  phenylsodium. C a rb o x y la tio n  o f  th e  
an ion  m ix tu re  and subsequen t e s t e r i f i c a t i o n  a f fo rd e d  ( to $ )  e th y l  2- 
( 6 -m e th y lp y r id y l ) a c e ta te  (66) and 15$ o f  d i e t h y l  2 , 6 - p y r i d in e d i a c e t a t e  
( 6£ ) .  S im i la r  a t te m p ts  w ith  p h e n y l l i th iu m  a f fo rd e d  only  6 ^  and t r a c e
1) 2  PhNa/PhCHj
2) C02
- »  +
CH'  — C<̂ Et
$&
C H f^ f r> C H 3 3) EtOH/HgSa,
49
amounts o f  ketone ,^2 .17,41 A ction  o f  po tass ium  amide on ^0  and ra p id  
t re a tm e n t  w ith  d ie th y l  ca rb o n a te  was r e p o r te d  to  g iv e  66 ( 59-
75$) • 42
O ther 2 ,6 -d im e th y lp y r id in e s , sym m etr ica lly  s u b s t i t u t e d  w ith  
a c t i v a t i n g  s u b s t i t u e n t s ,  have been p rep a red  by m u l t i - s t e p  r o u te s .  2 ,6 -  
D i(p h e n a c y l)p y r id in e  was p repared  in  o v e r a l l  16$ y i e l d  from accord­
ing  to  Scheme IV .3 >41 The co r resp o n d in g  d i a c e t a t e s  (R =ethyl)  and 
jQ  (R*methyl) were o b ta in e d  in  20$ y i e ld  from th e  sym m etrical ketone 
^  by Beckmann rearrangem en t o f  th e  oxime d e r i v a t i v e  (T l)  and s o lv o ly s i s  
o f  th e  r e s u l t i n g  a n i l i d e  72.
rv A J









2 )  KOH/EtOH
PhP h
7 0







C O ^ C H j
T3
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2 , 6 - P y r i d i n e d i a c e t o n i t r i l e  (£ [ )  was sy n th e s iz e d  by th e  a c t io n  
o f  cyan ide  ion  on o r  ĵ[6, each p repared  from 2 ,6 -d i(h y d ro x y m eth y l) -
S 0 C I2
2 8 %
OH
74 H Br 4 0 %
7 7
p y r id in e  ( ^ )  in  ca .  65$ y i e l d .  Compounds and £6 were con­
v e r te d  to  £ £  in  28$ and r e s p e c t i v e l y . 43 Boekelheide
and L inn11 p repared  J}± (14$ o v e r a l l )  by c o n se c u t iv e  {$-
ox ide  rearrangem ents  in  a c e t i c  anhydride  and h y d ro ly s is  o f  th e
I) H2 0 8 /H 0 A c
C H i ' S r T H , 2) ACgO/A CHrÔ °Ac
5 0/ w 7 8
h o^ J Q L ^ oh
1) (v v h q a c
2 )  AC2O /A
HCI
H ,0
Ac° ^ 0 ^ > ° Ac
7 4 2 8
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sym m etrical d ia ce to x y  s u b s t i t u t e d  p y r id in e  U t i l i z i n g  t h i s  r o u t e ,
^6  was p rep a red  d i r e c t l y  from Jg, by h y d ro ly s is  w ith  1>8$ hydrobromic 
a c i d . 44 In a  conven ien t p r e p a ra t io n  o f  the  sym m etrical a lc o h o l  J}±, 
sodium borohydride  in  methanol was re p o r te d  to  reduce 80 to  a f f o r d  ^  in  a
73$ y i e l d , 45>40 L ith ium  aluminum h y d r id e  r e d u c t io n  o f  80 gave only  5$ 
of  Jh,,47 whereas from th e  d i - n - b u t y l  e s t e r  a 58$ y i e ld  was r e a l i z e d . 48 
R e c e n t ly ,  2 ,6 -d i(h y d ro x y m e th y l)p y r id in e  (Jk)  and 2 ,6 -d i ( c h lo ro m e th y l ) -  
p y r id in e  have been p repared  in  c a .  90$ y i e l d  by d i a z o t i z a t l o n  o f
2 ,6 -d i(a m in o m e th y l)p y r id in e  (o r  th e  hydrogen c h lo r id e  s a l t )  in  th e  p r e ­
sence o f  s u l f u r i c  a c id  o r  hydrogen c h l o r i d e ,  r e s p e c t i v e l y . 49*50
A c id -c a ta ly z e d  condensa t ions  of 2 ,6 -d im e th y lp y r id in e  have 
been u t i l i z e d  f o r  many y e a r s .  A t y p i c a l  example i s  th e  fo rm a tio n  of 
68 from ( s e e  Scheme IV). U t i l i z a t i o n  o f  s im ple N - d e r i v a t i v e s , as 
w ith  2 -m e th y lp y r id in e s ,  enab les  employment o f  m i ld e r  c a t a l y t i c  cond i­
t i o n s ,  bu t in  every  c a se  the  t r a n s - o l e f i n  p re d o m in a te s .1 'An apparen t  
s y n th e s i s  o f  a c i s .c i s - d i o l e f i n  81 was r e p o r te d ;  however, th e  compound
N aB H
O^Et M eO H /A  HOhfei
Ph Ph
69 81
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was not com ple te ly  c h a r a c t e r i z e d . 51 2 ,6 - P y r i d i n e d i a c e t o n i t r i l e  (££) 
was condensed w ith  benzaldehyde to  a f f o r d  82 , a l though  y i e ld  and 
isomer d a ta  were no t p re s e n te d .  Under the  same c o n d i t io n s ,  £ £  re a c te d  









2-P yr id in eca rb o x a ld eh y d e  (8j£) has been prepared  by numerous 
r o u t e s . 1 Methods p ro v id in g  th e  b e s t  r e s u l t s  were o x id a t io n  o f  2- 
hydroxym ethy lpyrid ine  (lj5) by selen ium  oxide (~  9 5 $ )52 o r  le ad  t e t r a ­
a c e t a t e  (65$).® However, selen ium  ox ide  o x id a t io n  o f  2 ,6 -d i(h y d ro x y -  
m e th y l)p y r id in e  (Jb)  was re p o r te d  to  a f fo rd  6-hydroxym ethyl-2- 
p y r id in eca rb o x a ld eh y d e  ( 2 9 $ ) ,53 a l though  only o n e -h a l f  th e  t h e o r e t i c a l
QU [0 ] 0 °̂ho
8316
amount o f  o x id a n t  was u t i l i z e d .  2 ,6 -P y r id ln e d ic a rb o x a ld e h y d e  ($$) > 
a long  w ith  6 -m e th y l-2 -p y r id in eca rb o x a ld eh y d e  (j34), was o b ta in ed  from a 
con tinuous  gas phase o x id a t io n  o f  2 ,6 - d im e th y lp y r id in e .54 R e c e n t ly ,  
a c t iv a t e d  manganese d io x id e  was shown to  o x id iz e  IjS to  8^ , and £4 to  
8£ , in  68$ and 54$  y i e l d ,  r e s p e c t i v e l y . 48 Qu£guiner and P a s to u r55 
r e p o r te d  p r e p a r a t io n  o f  8 ^  in  69$ y i e ld  by l i th iu m  aluminum h y d r id e  
r e d u c t io n  o f  d im ethyl 2 ,6 -p y r id in e d ic a r b o x y la te  a t  low te m p era tu re .
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A  C H j O x H 0 +0 H t r O - C H 0
3 3 a ir  3
5 0  8 4  8 5/S/S# / w
2 -P y r id in eca rb o x a id eh y d e  (8^) has been condensed w ith  a la rg e  
v a r i e ty  o f  a c y l  compounds under d iv e r s e  c o n d i t io n s  to  a f fo rd  3~(2- 
p y r id y l) -2 -p ro p e n o n e s  and propenoic  a c id  d e r i v a t i v e s ,  8 6 . 1 »56-59





R eac tions  w ith  doubly a c t iv a t e d  m ethylenes a l s o  have been thorough ly  
s t u d i e d . 1 »60>61 However, th e re  a re  few examples where an a r y l - s u b s t i t u t e d  
a c t iv a t e d  m ethylene has been condensed w ith  2 -p y r id in e c a rb o x a ld e h y d e s .
A r y l a c e t o n i t r i l e s  r e a c t  w ith  83 o r  8U in  h o t  a l c o h o l i c  medium 
w ith  h y d ro x id e ,  a lk o x ld e ,  o r  p ip e r i d in e  c a t a l y s i s  t o  form th e  c o r r e s ­
ponding ( z ) - 3 - ( 2 - p y r i d y l ) a r y l a c r y l o n i t r i l e s  jj^, as l i s t e d  in  Table I .  
However, 8 ^  and p h e n y l a c e t o n i t r i l e  i n  co ld  a l c o h o l i c  hydrox ide  s o lu t i o n  
has been re p o r te d  to  a f fo rd  (75$) 2 , l* -d ip h e n y l -3 - (2 -p y r id y l )g lu ta ro -  
n i t r i l e . 69 Seus and Wilson70 re p o r te d  t h a t  r e a c t i o n  o f  8 ^  w ith  th e  
y l i d e  88 a ffo rds  t r a n s - 2 - s t y r y l p y r i d i n e  (jf2, Ar=Ph) in  7556 y i e l d .
HQ +  P h C H | ( 0 E . f e  - S g g * .  0 U.h
8 8  88, 75% 3 8  Wr»Ph)
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TABLE I
( Z )  -3 -(  2-PYRIDYL) ARYLACRYLONITRILES
CHO +  ArCHgCN
S i .  (R=H)
J1 4  ( R 'C H j )
R
Aldehyde Ar Y ie ld  ($) R eference
& CgH5 67 62-65
S I 3i4-(M eO)aC^3 75 4
& 4-C1c6H4 91 ■ 64 ,68
& 4-M62NCSH4 (70- 100) 6
& 4-N02CeH4 99 67 ,68
a 5 ,4 -  (MeO) a- 6-NOaC qH2
96 8
84 CeH5 — 62
84 2-(6-MeC5H3N) 72 43
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In  a unique o x id a t iv e  co n d en sa t io n ,  2 -hydroxym ethy lpyrid ine  
(16) and 2 -m e th y lp y r id in e  N-oxide (18) were h ea ted  over po tass ium  
hydroxide g iv in g  ( t r a n s - 1 ,2 - d i ( 2 - p y r id y l ) e t h e n e  (jjF ,̂ Ar“2 p y r ) . r i
+ CH
18
3 .5  h rs  
4 3  (Ar= 2-pyr)
2 ,6 -P y r id in e d ic a rb o x a ld e h y d e  ( 8 ^  was condensed w ith  2 ,6 -  
d im e th y lp y r id in e  (jjO) to  a f fo rd  _trans , t r a n s - 2 ,6 - [ 2 - ( 6 - m e t h y l - 2 - p y r id y l ) -  
v in y l ] p y r id in e  (8g) • 43 The t r a n s . t r a n s  c o n f ig u r a t io n  has been r e c e n t ly






c o n f i rm e d .72 The d la ldehyde  8 ^  was a l s o  r e a c te d  w ith  malonlc a c id  to  




C H g tC O e H ig
HO
p ip e r id in e
>pyr H O 2C
9 0
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PART I I
The f i r s t  2 ,6 -p y r id in o p h a n e s , m uscopyrid ines  (o d o r i f e ro u s  
c o n s t i t u e n t s  o f  n a t u r a l  musk from the  musk d e e r )  were s y n th e s iz e d  by 
Biemann, Biichi, and W alker, as  i l l u s t r a t e d  in  Schemes V and V I .74 
S to b b e 's  co n d en sa t io n  o f  cyclododecanone ( j ^ )  w ith  d i e th y l  s u c c in a te  
gave th e  a , (3- u n s a tu ra te d  compound ^ 6 .  C y c l iz a t io n  o f  £<S w ith  po ly -  
phosphoric  a c id  le d  to  th e  b i c y c l i c  v iny logous |8 -k e to e s te r  which
on a c id  h y d ro ly s is  was converted  smoothly to  th e  b i c y c l i c  ke tone  
W olff-K ishner r e d u c t io n  o f  g(3 r e s u l t e d  in  th e  fo rm ation  o f  a  m ix tu re  
o f  b i c y c l i c  o l e f i n s  ^  30$) an(* 100, (■* 70$). T h e r e a f t e r ,  th e  o l e f i n
m ix tu re  was r e a c te d  w ith  hyd razo lc  ac id  and th e  l a b i l e  o l e f i n  o b ta in ed  
im m ediately dehydrogenated to  th e  more s t a b l e  d ecam eth y len e -p y r id in es  
101 and 102. Scheme VI i l l u s t r a t e s  the  f u n c t i o n a l i z a t i o n s  o f  [1 0 ] (2 ,6 )«rvsrwi ' ' '
py r id inophane  (KJjS) to  a f fo rd  o th e r  p y r id in e  m a cro cy c le s ,  and f i n a l l y ,  
m uscopyrid ine 10^. U t i l i z a t i o n  o f  the  N-oxide rearrangem ent gave a
m ix tu re  o f  a c e t a t e s  which were hydrolyzed  to  10^ and Chromium t r i ­
oxide o x id a t io n  con v er ted  10^ in to  th e  ke tone  105. M e th y la t io n  underrsrwv
v a r io u s  c o n d i t io n s  p rov ided  e i t h e r  107 o r  th e  m onoalkyla ted  ke tone  106 . 
These k e to n es  were s u b je c te d  to  W olff-K ishner r e d u c t io n  to  a f f o r d  log, 
and th e  d e s i r e d  m uscopyrid ine  ( racem ic)  10J3.
S ev e ra l  [7 ] (2 ,6 )p y r id in o p h a n e s  were s y n th e s iz e d  r e c e n t l y ,  as 
shown in  Schemes V II and V I I I . 75 9b-Boraperhydrophenalene (11^,) was 
p repared  in  73$ y i e l d  by h e a t in g  a m ix tu re  o f  c y c l o d e c a - l t , 5 t , 9 c - t r i e n e
For c l a s s i f i c a t i o n ,  nom encla tu re ,  and a p a r t i a l  rev iew  o f  phanes ,  see 
R eference 93-
27
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Scheme VI
3 5 -7 5 %
KOtBu
c h 3 i
R 0(C H 2CHs0 H )2 
H , N a /H 2NNH2
1 0 6  (R -H )








\ — . |— / C H
4 0 -7 1 %  I- - - - - - 1
IQ§ (R-H) 
1 0 9  (R*CH3 )
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NH20H H C I
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(110^) w ith  a t r im e th y lam in e -b o ran e  complex. Treatm ent o f  111̂  w ith  an 
equlm olar amount o f  a c e t i c  a c id  (o r  d e u te r o a c e t lc  a c id )  and subsequen t 
chromic ac id  o x id a t io n  a f fo rd e d  a 30$ y i e ld  o f  th e  d ik e to n e  Hydrox-
ylam ine e f f e c t e d  a ro m a t lz a t lo n  to  [7 ] (2 ,6 )p y r id in o p h a n e  in  44$
y i e l d .  The N-oxide d e r i v a t i v e  o f  1 ^  could  no t be formed under co n d i­
t i o n s  s u f f i c i e n t  to  c o n v e r t  102 in to  the  co r resp o n d in g  N -oxide. This  
was i n t e r p r e t e d  as a r e s u l t  o f  a g r e a t e r  s t e r i c  h in d ran c e  in t ro d u ced  by 
th e  s h o r t e r  m ethylene c h a in .  However, a d i f f e r e n t  ro u te  f o r  f u n c t io n -  
a l i z a t i o n  o f  114, as shown in  Scheme V I I I ,  was found e q u a l ly  e f f e c t i v e .  
Treatm ent o f  IV i w ith  n - b u ty l l i t h lu m  fo llow ed  by c a rb o x y la t io n  and 
e s t e r i f i c a t i o n  r e s u l t e d  in  a 52$ y i e ld  o f  th e  m ethyl e s t e r  H 6 .
S im i l a r l y ,  th e  l i th iu m  d e r i v a t i v e  11^  was t r e a t e d  w ith  oxygen to  
f u r n i s h  th e  co r resp o n d in g  a lc o h o l  ( 65$ ) .  C o rn fo r th  o x id a t io n  
o f  1T£ gave ( 55$) [ 7 ] ( 2 , 6 )p y r id in o p h a n e - l-o n e  (118,) and subsequent 
k e t a l l z a t i o n  w ith  m ethyl o r th o fo rm a te  a f fo rd e d  11^  in  86$ y i e l d .
B aker, e t  a l . j 43 sy n th e s iz e d  th e  f i r s t  2 ,6 -p y r id in o p h an e  w ith  
two arom atic  r i n g s ,  [ 2 .2 ] (2 ,6 )p y r id in o p h a n e  (1 ,̂ n= l)  as shown in  Scheme 
IX. C ondensation  o f  2 ,6 -d im e th y lp y r id in e  ( ^ )  w ith  6-m e th y l-2 -p y r id in e -  
carboxaldehyde (8h) g iv es  t r a n s - 1 , 2- d i - 2- ( 6-m e th y lp y r id y l )e th e n e  ( 120) .  
Treatm ent o f  120 w ith  d i l u t e  p e r a c e t i c  ac id  r e s u l t e d  in  th e  fo rm ation  
o f  th e  d i-N -ox ide  1̂21̂ , which re a r ra n g e d  in  the  p resen ce  o f  a c e t i c  
anhydride  to  g ive  1 ,2 -d i -2 - (6 -a c e to x y m e th y lp y r id y l ) e th e n e  (122 ) .  A f te r  
h y d ro ly s is  o f  122 to  12£> c a t a l y t i c  re d u c t io n  o f  L2£ over Adams' c a t a ­
l y s t  le d  to  th e  s a tu r a t e d  d i o l  124. Subsequent r e a c t i o n  o f  124 w ith  
hydrogen bromide in  a c e t i c  a c id  gave th e  u n s ta b l e  dibrom ide 42^. The 
in t r a m o le c u la r  c y c l i z a t i o n  o f  12£  to  1̂  (n®l) a p p a re n t ly  could  no t be
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e f f e c t e d  by a  Wurtz r e a c t io n  w ith  sodium m eta l b u t  was e f f e c t e d  by 
u s in g  p h e n y l l i th iu m  ( 3$) o r  n - b u ty l l i t h iu m  (28$) .  In  a r e in v e s t ig a  
t i o n  o f  t h i s  compound, Boekelheide and Lawson70 d e s c r ib e  a more con 
v e n le n t  p r e p a r a t io n  by r e a c t i o n  o f  2 ,6-d i(b ro m o m eth y l)p y r id in e  ( j 6)  
w ith  p h e n y l l i th iu m  to  g ive  1̂  (n = l)  i n  25$  y i e l d .  S im i la r l y ,  
[ 2 ]m e tacyc lo [2 ] ( 2 ,6 )py rid inophane  ( 12£) was p repared  by r in g  
c lo s u re  o f  th e  dibromo compound 12(5 w ith  n - b u t y l l i t h i u m . 77 I t  




i n t r a -  and in te rm o le c u la r  c y c l i z a t i o n  w ith  te t r a p h e n y le th y le n e  
d isodium . 78"82 Thus, 128 led  to  1 (n °3 ,  5 , and 6 ) in  in 2 $ ,  2 .1 $ ,
and <  1$, r e s p e c t i v e l y . 80 C y c l iz a t io n  o f  ^6 in  th e  same manner
TPE-2N a
+
I (n *5 Ok 6)fsj
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r e s u l t e d  in  th e  fo rm ation  o f  1̂  (n=2 , and 4) in  4 .2 $  and 1 . 5$  y i e l d ,  r e ­
s p e c t iv e ly ,  and a t r a c e  amount o f  1  ̂ (n=>6 ), which was d e te c te d  by mass 





Kauffmann, e t  a l . , 83 have In v e s t ig a te d  th e  f e a s i b i l i t y  o f  c y c l i c  
co u p lin g  o f  carbon  atoms v ia  th e  co rresp o n d in g  organocopper compounds. 
Thus, s e l e c t i v e  m e ta l l a t l o n  o f  128 i s  e f f e c t e d  w ith  n - b u ty l l i t h iu m  a t  
-70°  to  a f fo rd  th e  d i l i t h i o  compound 1 ^ ( 8 2 $ ) .  A f te r  m etal-exchange
^ 3  n-but Li,
129 1 3 0
o f  1^0 w ith  cuprous c h l o r i d e ,  c y c l i z a t i o n  to  1  ̂ (n=l and 5 ) occurs  in  1$ 
and 4$ y i e l d ,  r e s p e c t iv e l y .  A p p l ic a t io n  o f  th e  h igh  d i l u t i o n  te c h n i ­
que84 *85 does not r e s u l t  in  h ig h e r  y i e l d s  of th e  cy c l ic ,  p ro d u c ts .
[ 2 .2 ] ( 2 ,6 ) P y r id in o p h a n e - l ,9 - d ie n e  (£ ,  n= l)  was sy n th e s iz e d  
from d i t h i a [ 5 . 5 ] ( 2 , 6 )pyrid inophane  (£ ,  n*=l, X^S) by u t i l i z a t i o n  o f  th e  
n o n - p y ro ly t ic  r i n g - c o n t r a c t i o n  r e a c t i o n  sequence shown in  Scheme X .YG
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2 t 6 -D i(brom om ethy l)pyrid ine  (76 ) r e a c te d  w ith  sodium s u l f i d e  a t  h igh  
d i l u t i o n  to  a f fo rd  a 25$  y i e ld  o f  £  (n = l ,  X=S),H', which gave 1̂ 1, on 
t re a tm e n t  w ith  M eerwein 's r e a g e n t .  Treatm ent o f  th e  crude  m e th y la t io n  
p roduc t 1 ^  w ith  po tass ium  j> b u to x id e  a f fo rd e d  th e  S tev e n s ' rearrangem ent 
p roduc t l^j? (1*2$). When th e  m ix tu re  o f  s te re o iso m e rs  1^2 was t r e a t e d  
w ith  M eerw ein 's  r e a g e n t ,  1 ^  was i s o l a t e d  in  e s s e n t i a l l y  q u a n t i t a t i v e  
y i e l d .  A f te r  s e v e r a l  b ases  f a i l e d  to  e f f e c t  e l im in a t io n  o f  d im ethy l-  
s u l f i d e  from 1^  to  g iv e  r e c o g n iz a b le  p ro d u c ts ,  th e  h in d e re d  base  2 , 6-  
d i ( j t -b u ty l )p h e n o x id e  ion  was found to  a f fo rd  £  (n = l)  in  a 20$  y i e l d .  
A nother r i n g - c o n t r a c t i n g  rea rran g e m en t ,  th e  Ramberg-Backlund r e a c t i o n ,  
has  been u t i l i z e d  in  an a t tem p t to  p re p a re  £  (n=>l), as  i l l u s t r a t e d  in  
Scheme XI. 2 , 6-D i(c h lo ro m e th y l )p y r id in e  (J%) r e a c te d  w ith  sodium s u l ­
f i d e  a t  h igh  d i l u t i o n  to  a f f o r d  £  (n=l and 2 ,  X=S) in  19$ and 3$  y i e l d ,  
r e s p e c t i v e l y ,  whereas th e  dibromo compound J 6 i s  r e p o r te d  to  a f f o r d  only  
£  (n = l ,  Xa S ) . 76 ,87  O x ida t ion  o f  £  (n = l ,  X=S) w ith  excess  m -ch lo roperben- 
z o ic  a c id  gave a  q u a n t i t a t i v e  co n v e rs io n  to  l^j+» which was s e l e c t i v e l y  
reduced a t  th e  N-oxide groups by i r o n  in  r e f lu x in g  t r i f l u o r o a c e t i c  ac id  
g iv in g  th e  d e s i r e d  su lfo n e  1 ^  in  h igh  y i e l d . 86 A p p l ic a t io n  o f  th e  Meyers 
m o d i f i c a t io n 109 o f  th e  Ramberg-Backlund r e a c t i o n ,  th e  only c o n d i t io n s  
found to  e f f e c t  th e  r e a c t io n  w ith  model sy s tem s , f a i l e d  to  g ive  s a t i s ­
f a c t o r y  r e s u l t s  due to  the  low s o l u b i l i t y  o f  1̂ £  and th e  ap p a re n t  in ­
s t a b i l i t y  o f  th e  expec ted  p roduc t  £  (n= l)  to  th e  v ig o ro u s ly  b a s ic  (nuc leo -  
p h i l i c )  c o n d i t i o n s . 86 S u l fu r  d io x id e  e x t ru s io n  under p y r o ly t i c  c o n d i t io n s ,  
however, proceeded smoothly t o  th e  s t a b l e  s a tu r a t e d - b r ld g e  py rid inophane  
1  ̂ (n= l)  i n  1*6$ y i e l d .
The d i t h ia ( 2 ,6 ) p y r id in o p h a n e s  l i s t e d  in  T ab les  I I ,  I I I ,  and IV 
have been s y n th e s iz e d  by u t i l i z a t i o n  o f  th e  "h igh  d i l u t i o n  p r i n c i p l e "84 ’85 
w i th  th e  a p p r o p r ia te  d i t h l o l  and d i(b rom o m eth y l)a ry l  compounds i n  th e  
p resen ce  o f  sodium hyd rox ide .
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Scheme XI
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TABLE I I
DITHIA( 2 , 6 ) PYRIDINOPHANES
59
Compound n Y ie ld  ($>) R eference
5 56 88
137 2 8 89
5 7 89
157 It 50 89
157f>JN/>J 5 50 89
157rojsrsj 6 52 89
157(VW 7 7 89
157 8 2k 89
kXL 9 18 89
i 2 Z 10 51 89
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TABLE I I I
DITHIA[2.2](2,6)PYRIDIN0PHANES
n
f t f t
1 3 8 1 3 9 2  ( n = l , X = S )
Compound R Yield (#) Reference
138a H 28 90
158b F Ilf 90
138c Me 61 91
I38dr\AAAJ OMe 15 91
m
---- 29 90 ,92
2 (n-l, X=s) ---- 30 90
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TABLE IV




Compound R Y ie ld  {%) R eference
140a H 15-20 87
140b F 15-20 87
^  (n -1 ,  X-S) - 8-20 7 6 ,8 6 ,8 7
141 - 13 89
142 - 48 95
141 142
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The r e c e n t ly  sy n th e s iz e d  was shown to  undergo th e  novel 
photochem ical s u l£ u r  e x t ru s io n  r e a c t i o n 96 In  th e  p resence  o f  t r ln ie th y l  
p h o p sh lte  to  g iv e  [£ ,2 ](2 ,6 )p y r id in o m etacy c lo p h an e  The y ie ld
o f  l j ^  was not s p e c i f i e d ,  bu t  s im i l a r  photochem ical s u l f u r  e x t ru s io n s  
occu rred  in  h igh  y i e ld  (49“ 85$ ) .
ss
P fO M e ig
142 143
< V IV
Only a few more complex m acrocycles c o n ta in in g  th e  2 ,6 -  
py r id in o -m o ie ty  a re  known. A p p a ren t ly ,  th e  f i r s t  2 ,6 -p y r id in o  macro­
c y c le  was sy n th e s iz e d  by E lv idge  and L in s tead  in  I 9 5 2 .97 As i l l u s ­
t r a t e d ,  co n d en sa t io n  o f  2 , 6-d la m ln o p y r id ln e  w ith  1 ,3-d i l ra in o -  






A /8  hrs
144
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th rough a sequence of condensa t ions  o f  the  prim ary amine w ith  th e  
im ino -m o ie ty . In  each s te p  th e  n ece ssa ry  syn c o n f ig u r a t io n  was l a rg e ly  
favored  by s t e r i c  i n t e r a c t i o n s  o f  th e  arom atic  r in g s  o f  th e  a n t i  con­
f i g u r a t i o n .  S e v e ra l  m etal com plexes, as w ell as the  m onohydrate, of
s t i t u e n t s  a n d /o r  rep lacem ent o f  one p y r id in e  r in g  w ith  o th e r  g roups , 
a re  a l s o  known. VJU>100 S to tz  and S to u f e r 101 o b ta in ed  (1*6$) th e  l ig an d  
1V£ from the  a c id - c a ta ly z e d  S c h i f f  base  condensa t ion  o f  2 , 6 - d i a c e t y l -  
p y r id in e  (lj+^) w ith  o-phenylenediam ine ( l b 6)  under d i l u t e  c o n d i t io n s .
Undhelm, e t  a l . , lo g  in  a p re l im in a ry  communication, r e p o r te d  a 'u n iq u e  
s y n th e s i s  o f  th e  2 ,6 -p y r id in o  m acrocycle  lj*j3, f o r  which only X-ray 
in fo rm a tio n  was g iven .
11*1* have been s t u d i e d . :J7»!,a Analogs of 11*1*, which c o n ta in  v a r io u s  sub-
> 148
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In a  s p e c ia l  c l a s s  a re  th e  2 ,6 -p y r id in o  m acrocyc lic  l ig an d s  
sy n th e s iz e d  by m e ta l ion  m e d ia tio n  d u r in g  th e  c y c l i z a t i o n .  The p re ­
sence o f  t r a n s i t i o n  m etal io n s ,  a l th o u g h  d r a m a t ic a l ly  in c re a s in g  the  
y i e l d  o f  c y c l iz e d  p ro d u c ts ,  p re c lu d e s  i s o l a t i o n  o f  th e  m acrocycles as 
a f r e e  l ig a n d  in  most c a s e s .  G e n e ra l ly ,  t h i s  can  be env is io n ed  as th e  
converse  o f  normal s e q u e s t r a t i o n ,  in  which th e  l ig a n d  s e l e c t i v l y  r e ­
moves a m e ta l io n .  In  t h i s  c a s e ,  th e  m eta l ion  induces  s e l e c t i v e  
c y c l i z a t i o n  and removal o f  th e  m acrocycle  (as  a complex) from competing 
r e a c t io n  e q u i l i b r i a .  Thus, numerous t r a n s i t i o n  m e ta l complexes o f  th e  
l ig a n d s  l4j?> }^ ,y  ant* have been p repared  JLn s i t u  and s t u d i e d ; 03"
The sy n th eses  were performed by th e  slow a d d i t io n  o f  th e  a p p ro p r ia te  
po lye thy lenepo lyam ine  to  a p re v io u s ly  formed ( s o lu t i o n )  complex o f  th e  
d e s i r e d  m e ta l  s a l t  w ith  2 ,6 - d i a c e t y lp y r id i n e  ( 1 4 ^ . 103 S im i la r l y ,  t h i s  
c o o rd in a t io n  tem p la te  e f f e c t  was employed to  s y n th e s iz e  analogs  o f  lMj-,100 
and 147 . 101J
I t  i s  not w i th in  th e  scope o f  t h i s  rev iew  to  d is c u s s  the  co­
o r d in a t io n  a b i l i t y  o r  th e  conform ation  o f  p y r id in e  m acrocyc lic  com­
p le x e s .  However, g en e ra l  in fo rm a tio n  concern ing  th e  d es ig n  and syn­
t h e s i s  o f  l i g a n d s 110 and th e  complexes o f  m acrocyc lic  l i g a n d s 111 can be 
o b ta in ed  in  r e c e n t  rev iew s .
1 0 9








k ^ N H ,
1 5 2
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EXPERIMENTAL
In  a l l  experim en ts  d e s c r ib e d ,  th e  chem ica ls  used  were reag e n t  
g ra d e ,  and u n le s s  o th e rw ise  I n d ic a te d ,  no p u r i f i c a t i o n  was co n s id e re d  
n e c e s s a ry .
M elt ing  p o in t s  below 300° were taken  in  c a p i l l a r y  tubes  w ith  
a Thomas-Hoover Unimelt and a re  re p o r te d  u n c o r re c te d .  M elt ing  p o in t s  
g r e a t e r  th an  3OO0 were o b ta in e d  by a DuPont-900 D i f f e r e n t i a l  Thermal 
A nalyzer (DTA) and were c o r r e c te d  w ith  a therm ocouple co n v e rs io n  c h a r t .  
B o i l in g  p o in t s  were reco rd ed  u n c o r re c te d  w ith  reduced p r e s s u re  s p e c i ­
f i e d  in  m i l l im e te r s  (mm) o f  mercury.
Nmr (60 MHz) s p e c t r a  were reco rd ed  on e i t h e r  a V arian  Asso­
c i a t e s  A-60A o r  a P erk in -E lm er R12-B s p e c tro m e te r .  Where s p e c i f i e d ,
100 MHz and 220 MHz nmr s p e c t r a  were determ ined  on V arian  A sso c ia te s  
HA-100 and HA-220 s p e p t ro m e te r s , r e s p e c t i v e l y ,  by Dr. N. S. Bhacca.
A ll  chem ical s h i f t s  a r e  r e p o r te d  in  p a r t s  p e r  m i l l i o n  ( 6 ) dow nfield  
from te t r a m e th y l s i l a n e  as th e  i n t e r n a l  s ta n d a rd .
Mass spec trogram s were o b ta in ed  in  th e s e  l a b o r a t o r i e s  on 
e i t h e r  a V arian  M-6 6  mass sp e c tro m e te r  by Ms. Cheryl W hite , o r  on a 
H i ta c h i-P e rk in -E lm e r  RMS-1* mass sp e c tro m e te r  by Ms. P au la  W atts . Con­
d i t i o n s  were u s u a l ly  70 eV and 80 jxA. A f lu o ro c a rb o n  was used as a 
co u n tin g  r e f e r e n c e .
In f r a r e d  ( i r )  s p e c t r a  were reco rd ed  on e i t h e r  a  Perk in -E lm er 
137 o r  a P erk in -E lm er 621 g r a t i n g  sp e c tro p h o to m e te r .
U l t r a v i o l e t  (uv) and v i s i b l e  ( v i s )  s p e c t r a  were de term ined  in  
a b s o lu te  m ethanol on a  C ary -11* r e c o rd in g  sp ec tro p h o to m e te r  in  matched
1*6
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1 cm q u a r tz  c e l l s  and were c o r r e c te d  by s o lv e n t  b lu n k .  Absorbance 
v a lu es  were r e p o r te d  in  w avelength  (nm) fo llow ed  by m olar e x t i n c t i o n  
c o e f f i c i e n t  ( e ) .
M olecu lar w eigh ts  were o b ta in e d  w ith  a H ew le tt-P ackard  302 
Vapor P re s s u re  Osmometer u s in g  benzene as s o lv e n t  and b e n z i l  as r e ­
fe re n c e .
Elem ental a n a ly se s  were performed by Mr. R. L. Seab in  th e se  
l a b o r a t o r i e s ,  and by G a lb ra i th  L a b o r a to r ie s ,  I n c . ,  K n o x v i l l e ,  Tennessee .
Thin l a y e r  chromatography ( t i c )  were performed on 20 cm g la s s  
p l a t e s  w ith  a s ta n d a rd  0 .2 5  mm c o a t in g  o f  s i l i c a  g e l  (Brinkmann HF-254 
+ 366 ) .  F r o n ta l  r e t e n t i o n  (R^) v a lu e s ,  a l b e i t  some e r r o r  in v o lv e d ,  
a re  r e p o r te d  w ith  s o lv e n t  system s p e c i f i e d .  P r e p a r a t iv e  p l a t e  chroma­
tography ( p ic )  u t i l i z e d  s i l i c a  g e l  th ic k n e s s e s  o f  e i t h e r  2 mm (Brinkmann 
PF-25^ + 366) o r  5 mm (Brinkmann PF-254 + 13$ CaS04 b in d e r ) .  M u lt ip le  
developed p l a t e s  a re  r e p o r te d  as :  number o f  e l u t i o n s  p e r  s o lv e n t
system. Column chromatography u t i l i z e d  e i t h e r  s i l i c a  g e l  (Baker,
60-200 mesh) or f lo r i s i l  (60-100 mesh). Dry column chromatography u t i l i z e d  
nylon  tu b in g  and Waters A s s o c ia te s  Dry Column Grade, A c t i v i t y  I I I ,  ab­
s o rb e n ts  ( s i l i c a  g e l  and a lu m in a ) .  A bsorbents  used f o r  p re l im in a ry  
p u r i f i c a t i o n  and i n i t i a l  d e c o l o r i z a t i o n  were s i l i c a  g e l  (B aker, 60-200 
m esh), alum ina (A lcoa F -2 0 ,  80-200 m esh), and c h a rc o a l  (Nuchar C-190N).
Gas phase chromatography (g lc )  was performed w ith  a V arian  
Aerograph S0-P u s in g  a 3 . 8" x 10' column packed w ith  20$ SE 30 on 60/80 
mesh chromosorb W.
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S o lven ts
Benzene, e th y l  e t h e r ,  pe tro leum  e t h e r  (A, bp 30-60° \  B, bp 
60 -90°i C, bp 90-120°)> to lu e n e ,  and xy lene were d r i e d  over sodium 
r ib b o n .
T e t rah y d ro fu ran  (THF) and 1 ,2 -d lm ethoxyethane (DME) were d i s ­
t i l l e d  from l i th iu m  aluminum h y d r id e  and s to r e d  over  a c t iv a t e d  m o lecu la r  
s ie v e s  (Linde Type 4A).
D im ethy lsu lfox ide  (DMSO), N ,N-dimethylformamide (DMF), and 
hexam ethy lphosphoroustr iam ide (HMPA) were d i s t i l l e d  from ca lc ium  h y d ride  
a t  reduced p re s s u re  and s to r e d  over a c t iv a t e d  m o lecu la r  s ie v e s  (Linde 
Type 4A).
2-H ydroxym ethy l-6-m ethy lpyrid ine  ( 1 ^ )  • In  o rd e r  to  c o n t ro l  the  
exo therm ic  r e a c t io n  as d e sc r ib e d  by B oekelhelde and L inn11*112 a c e t i c  
anhydride  (100 ml) was h e a te d  to  100° under n i t r o g e n  and 2 ,6 -d im e th y l-  
p y r id in e  N-oxide (6 5 .5  g ,  O.532  mol) in  50 ml o f  DME was added dropwise 
over  2 h o u rs .  A f te r  th e  a d d i t io n  was com ple te ,  th e  m ix tu re  was re f lu x e d  
an a d d i t i o n a l  14 h o u r s ,  th e n  c o n c e n tra te d  jLn v a c u o , poured in to  co ld  
w a te r ,  b a s i f i e d  w ith  s o l i d  sodium c a rb o n a te ,  and e x t r a c te d  w ith  e th e r  
and ch lo ro fo rm . The combined e x t r a c t s  were d r ie d  w ith  magnesium s u l ­
f a t e ,  c o n c e n t r a te d ,  and th e  r e s id u a l  o i l  f r a c t i o n a l l y  d i s t i l l e d  to  
a f fo rd  7 0 .7  g (80 .6$) o f  crude 2 -ace to x y m e th y l-6 -m e th y lp y r id in e :  bp
IO5- H 50 (9-11 mm), [ l i t . 11 bp 110-114° (15 mm)].
A p o r t io n  o f  th e  crude  ace toxy  compound ( 16.5  g ,  0 .10  mol) 
was r e f lu x e d  f o r  17 hou rs  w ith  I 35 ml o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id .  
The s o l id  r e s id u e ,  a f t e r  c o n c e n t r a t io n  i n  vacuo , was suspended in  
ch lo ro fo rm  and t r e a t e d  w ith  s a tu r a t e d  sodium c a rb o n a te  s o lu t i o n  u n t i l
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s l i g h t l y  b a s ic .  S e v e ra l  e x t r a c t i o n s  w ith  e t h e r  were combined, d r ie d  
over sodium s u l f a t e ,  c o n c e n t ra te d ,  and f i l t e r e d  to  g ive  2 .2  g ( 1 7 -9$) 
o f  3-h yd roxy -2 , 6-d im e th y lp y r id in e  ( l ^ ) s  mp 209- 211° ,  ( l i t . 113 mp 
210-212°);  nmr (DMS0-de ) 6 2 . 3O (pyr-CHr,, s ,  6h) , 3 .3 8  (-0H , broad  s ,  
1H), 6 .8  (pyr-H , d ,  J  = 8 Hz, 1H), 7-0 (pyr-H , d ,  J  = 8 Hz, 1H); i r  
(n u jo l )  25OO (broad-OH), 1800 (b ro a d ) ,  I 57O, 1270 (C -0 ) ,  I 25O, 1160, 
1125 , 829 , 793, and 710 cm"1.
A n a l . Calcd f o r  C7H9NO: C, 6 8 .2 7 ; H, 7»37* N, 1 1 .3 8 . Found
C, 68 . 3 6 ; H, 7 .5 1 ;  N, 11 . 2 9 .
F r a c t i o n a l  d i s t i l l a t i o n  o f  the  f i l t r a t e  a f fo rd e d  7*6 g (61 .8$ )  
o f  2-hydroxym ethy l-6-m e th y lp y r id in e  ( l j ^ ) ?  bp 107- 116°  (10 mm), [ l i t . 43 
bp 105-110° (14 mm)]; nmr (CDCl3 ) 6 2 . 5O (6-p y r -C H c  s ,  3H), 4 .71 (pyr-
CHp- 0 .  s ,  2H), 5 . I 3 (-1OH, s ,  1H), and 6 .8 5 -7 -7 5  (pyr-H , m, 3H); i r ( n e a t )
325O (broad-OH), I 595 , 1575, 1455, 1075, and 783 cm- 1 .
T r i t u r a t i o n  o f  th e  d i s t i l l a t i o n  r e s id u e  w ith  e t h e r  produced an 
a d d i t i o n a l  900 mg (7 -3$  ° f  mP 208-210°.
2 -A ce toxym ethy l-6 -m ethy lpyrid ine  (^ 8 ) .  This compound could  be ob­
ta in e d  pure in  e x c e l l e n t  y i e l d  by t re a tm e n t  o f  2-hydroxym ethy l-6- 
m e th y lp y r id in e  ( i j ^ )  w ith  a c e t i c  anhydride  a t  80°  f o r  I 5 m inu tes :  bp
110-111° (10 mm), [ l i t . 11 bp 110-114 (15 mm)]; nmr (CDCl3 ) 6 2 .05  
(-OaCCHa, s ,  3H ), 2 .45  (6-pyr-CH3 , s ,  3H), 5 . I 9 (pyr-CHpO, s ,  2H), and 
6 .8 7 -7 .7 0  (pyr-H , m, 3H); i r ( n e a t )  I 7I4O (C=0, e s t e r ) ,  I 585 , 1570,
1225 (C -0 ) ,  1060, and 783 cm"1.
2 ,6 -P i (h y d ro x y m e th y l )p y r id in e  v i a  N-Oxide R earrangem ent.
Crude 2 -ace to x y m e th y l-6 -m e th y lp y r id in e  (76 g ,  0 .4 6  mol) was hea ted  
under n i t r o g e n  a t  70-80° f o r  2 hours  w ith  a c e t i c  a c id  (25O ml) and
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a 30$ hydrogen pe ro x id e  s o lu t i o n  (50 m l) .  An a d d i t i o n a l  35 ml ° f  
hydrogen p erox ide  s o l u t i o n  was in t ro d u c e d  and th e  tem p era tu re  was 
m a in ta in ed  a t  80° f o r  9 h o u rs .  The m ix tu re  was c o n c e n tra te d  to  about 
o n e - th i r d  volume, d i l u t e d  w ith  an equal amount o f  w a te r ,  and concen­
t r a t e d .  The r e s id u a l  m ix tu re  was n e u t r a l i z e d  w ith  a s a tu r a t e d  sodium 
c a rb o n a te  s o l u t i o n ,  e x t r a c t e d  w ith  ch lo ro fo rm , d r ie d  over magnesium 
s u l f a t e ,  and c o n c e n tra te d  a t  reduced p re s s u re  to  a f fo rd  th e  crude  2- 
ace to x y m e th y l-6-m e th y lp y r id in e  N -oxide. With no f u r t h e r  p u r i f i c a t i o n ,  
th e  N-oxide was d is s o lv e d  in  DME (50 ml) and added dropw ise over  a 3“ 
hour p e r io d  to  a r e f lu x i n g  m ix tu re  o f  a c e t i c  anhydride  (75  ml) and 
DME (50 ml) under n i t r o g e n .  A f te r  th e  a d d i t io n  was com ple te ,  r e f lu x  
was con t inued  f o r  6 h o u rs .  The m ix tu re  was c o n c e n t ra te d  in  v acu o , 
poured in t o  w a te r ,  b a s l f i e d  w ith  sodium c a rb o n a te ,  and e x t r a c te d  w ith  
e t h e r .  The e t h e r  e x t r a c t  was d r i e d  over magnesium s u l f a t e  and evapo­
r a t e d .  The r e s id u e  was r e f lu x e d  w ith  10$ sodium hydrox ide  s o lu t i o n  
(25O ml) f o r  ^ h o u rs .  The m ix tu re  was then  e x t r a c te d  c o n tin u o u s ly  
w ith  ch lo ro fo rm  f o r  26 h o u rs .  C o n c e n tra t io n  o f  th e  ch lo ro fo rm  e x t r a c t  
a f fo rd e d  2 , 6-d i(h y d ro x y m e th y l)p y r id in e  14.65  g (23$ ) ;  mp 111-
113.5° ( l i t . 54 mp, 1 1 4 .5 -1 1 5 ° ) ;  nmr (CDC13 ) 6 2 .5 - 2 .8  (-0H, s ,  2H ),
4 .77  (pyr-CH2- 0 ,  s ,  4H), 7 .0 9 -7 .9 0  (pyr-H , m, 3H); i r ( n u j o l )  33OO 
(sharp-O H ), 3020 (broad-OH), I 59O, I 57O, I I 55 , 1100, 1080 (C -0 ) ,  1020, 
976 , 817» and 768 (b road) cm” 1 .
2 ,6 -D i(a c e to x y m e th y l )p y r id in e  (%%). T h is  compound was o b ta in ed  
in  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  by t re a tm e n t  o f  2 ,6-d i(h y d ro x y m e th y l) -  
p y r id in e  (^7̂ )  w ith  a c e t i c  anhydride  and a few drops o f  p y r id in e  a t  80° 
f o r  I 5 m inu tes :  b p ,  91 - 93° (0 .7  mm) [ l i t . 11 bp 135- 139°  ( ° .3  mm)];
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nmr (CDC13 ) 6 2 .10 ( - 0 2CCH3 , s ,  6h) , 5 .22 (pyr-CH2- 0 ,  s ,  4 h ) , 7 .18 -7 -90  
(pyr-H , m, 3H); i r ( n e a t )  1740 (C=0, e s t e r ) ,  1595> 1575. 1^50. 1570, 
1220 , and 1060 cm"1.
Methyl 2 ,6 -P y r ld in e d lc a rb o x y la te  ( 1 ^ ) .  2 ,6 -P y r id ln e d lc a rb o x y l lc  
a c id  ( 167.1  g> 1 mol) was suspended in  anhydrous methanol ( 1 .5  1 ) and 
s a tu r a t e d  w ith  anhydrous h y d ro c h lo r ic  a c id .  A f te r  r e f lu x in g  2 days ,  
the  s o lv e n t  was removed in  vacuo . The r e s id u e  was suspended in  a 10$ 
sodium ca rb o n a te  s o lu t i o n  and e x t r a c te d  w ith  ch lo ro fo rm . The combined 
ch lo ro fo rm  e x t r a c t s  were d r ie d  over sodium s u l f a t e ,  and c o n c e n tra te d  
a f f o r d in g  191.7  g (98$) of methyl 2 , 6- p y r id in e d ic a rb o x y la te :  mp 121-
122.5° ( l i t . 114 mp 124-125°); nmr (CDC13 ) 6 4.00 (-COgCHa, s ,  6h ) , 
7.85-8.45 (pyr-H , m, 3H); i r  ( n u jo l )  1740 (c=0 , e s t e r ) ,  1570, 1285, 
1245, 1195, 1140, 9 95 , 993 , 8 13 , 758, and 722 cm- 1 .
2 ,6 -D i(h y d ro x y m e th y l)p y r id in e .  R eduction  o f  Methyl 2 ,6 -P y r id in e -  
d ic a r b o x y la te .  Method A. Sodium Bis (2-methoxyethoxy)aluminum H ydride . 
Methyl 2 ,6 -p y r id in e d ic a rb o x y la te  (44 .5  g> 0 .228  mol) was r e f lu x e d  in  
benzene (300 ml) and sodium b i s ( 2-methoxyethoxy)aluminum h y d r id e  ( 70$ 
s o lu t i o n  in  benzene , 75 m l, 0 .2 8 2  mol) was added over 30 m in u tes .  The 
m ix tu re  was s t i r r e d  and cooled  30 m in u te s ,  then  c o n c e n tra te d  hydro­
c h l o r i c  ac id  was in t ro d u ced  c a r e f u l l y  u n t i l  a c i d i c .  A f te r  s t i r r i n g  
f o r  1 h o u r ,  the  s o lu t i o n  was made b a s ic  w ith  a 40$ sodium hydrox ide 
s o lu t i o n  and allow ed to  s tand  o v e rn ig h t .  A l l  s o lv e n ts  were removed 
in  vacuo, and con tinuous  e x t r a c t i o n  o f  th e  r e s id u a l  p a s te  w ith  benzene 
f o r  2-3  days a f fo rd ed  14.8  g (75-5$) o f  c rude  2 , 6-d i(h y d ro x y m e th y l) -  
p y r id in e .  R e c r y s t a l l i z a t i o n  from benzene a f fo rd e d  9 .7  g (49*5$) ° f  
p u re  d i o l :  mp 112-114°.
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Method B. Sodium B orohydrlde . S im i la r  to  p u b lish e d  m ethods , 45*46 
methyl 2 , 6-p y r id in e d ic a rb o x y la te  ( 19-5  g> 0 .1 0  mol) was s t i r r e d  in  
anhydrous methanol w h ile  sodium borohydride  (1 8 .9  g> 0 .5 0  mol) was 
added s low ly v i a  s o l i d  a d d i t i o n . f u n n e l .  The te m p era tu re  was main­
ta in e d  a t  1*5 + 1*° w ith  th e  i n t e r m i t t e n t  a id  o f  an i c e  b a th .  A f te r  the  
a d d i t io n  was com ple te ,  a n o th e r  30 ml o f  methanol was in t ro d u ced  and the  
m ix tu re  was s t i r r e d  f o r  30 m in u te s .  Then the  m ix tu re  was r e f lu x e d  f o r  
10 h o u rs ,  c o o le d ,  and ace to n e  (1*0 ml) was added. A f te r  e v a p o ra t io n  to  
d ry n e s s ,  th e  s o l i d  r e s id u e  was hea ted  on th e  steam b a th  f o r  I .5  hours 
w ith  1*0 ml o f  10$ sodium c a rb o n a te  s o lu t i o n  and a g a in  taken  to  d ryness  
in  vacuo . Continuous e x t r a c t i o n  o f  th e  r e s id u e  w ith  ch lo ro fo rm  f o r  10 
hours gave I 3 .6  g (9856) o f  c rude 2 , 6-d i(h y d ro x y m e th y l)p y r id in e :  mp
100-110°. R e c r y s t a l l i z a t i o n  from m e th a n o l-e th y l  a c e t a t e  produced 
9 .7  g ( 70$) o f  th e  pure d i o l :  mp 111.5-1130 *
2 ,6 -P y r id in e d ic a rb o x a ld e h y d e  ( 8£ ) . Method A ( v i a  R edu c t io n ) . 55 
Methyl 2 ,6 -p y r id in e d ic a r b o x y la te  (1 .9 5  g» 10.0 mmol) was s t i r r e d  under 
n i t r o g e n  in  1*0 ml anhydrous THF and coo led  by ic e -w a te r  ba th  to  12°. 
Sodium bis(2-m ethoxyethoxy)alum inum  h ydride  (70$ s o l u t i o n  in  benzene,
3 ml, 10 .0  mmol) was in t ro d u c e d  by a  sy r in g e  over 30 m in u tes .  A f te r  
th e  a d d i t i o n  was com ple te ,  th e  m ix tu re  was allow ed to  s t i r  a t  room 
te m p era tu re  f o r  21 h o u rs .  A s o lu t i o n  o f  a c e t i c  a c id  (5  ml) and w ater  
(5  ml) was added d ropw ise ,  s t i r r e d  f o r  2 hours and poured in to  w ate r  
(200 m l) .  S o l id  sodium c a rb o n a te  was added u n t i l  th e  s o lu t i o n  was 
b a s i c .  E x t r a c t io n s  w ith  ch lo ro fo rm  were d r ie d  over sodium s u l f a t e  and 
c o n c e n tra te d  jLn vacuo . The s o l id  r e s id u e  was chromatographed on a 
f l o r i s i l  column w ith  25$ e t h y l  a c e t a t e  in  pe tro leum  e th e r-A  to  a f f o r d
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102 mg ( 7 . 6$) o f  2 , 6-p y r id in e d ic a rb o x a ld e h y d e :  mp 118-120° ( l i t . 54 mp
I 2 l |° ) ;  nmr (CDCla ) 6 8 . 1 -8 .5  (pyr-H , m, 3H ), 10.19 (-CH0, s ,  2H); i r  
( n u j o l ) ; 1710 (C=0), I 25O, and 1205 (C -0 ) , 910, 806 , and 698 cm"1 .
Method B (v ia  O x ida tion  w ith  A c tiv a te d  Manganese D iox ide ) . 48 The 
f r e s h l y  p rep a red  manganese d io x id e 115 (28  g) was a c t iv a t e d  by a z e o tro p ic  
d i s t i l l a t i o n  o f  w ate r  w ith  benzene . 116 The benzene was decan ted  from 
th e  a c t iv e  manganese d io x id e  (10 g ,  I I 5 mmol) and re p la c e d  by c h lo ro ­
form (100 m l) .  2 ,6 -D i(h y d ro x y m e th y l)p y r id in e  (1 .9 7  g ,  14 .2  mmol) was 
in t ro d u ced  and then  r e f lu x e d  ca .  4 h o u rs .  The m ix tu re  was f i l t e r e d  ho t 
and th e  p r e c i p i t a t e  washed s e v e ra l  tim es w ith  h o t  ch lo ro fo rm . Removal 
o f  th e  so lv e n t  in  vacuo gave a  s o l id  r e s id u e ,  which was chromatographed 
on a f l o r i s i l  column w ith  25$ e th y l  a c e t a t e  in  pe tro leum  e th e r-A  to  
g iv e  290 mg ( 15 . 2$) o f  2 , 6-p y r id in e d ic a rb o x a ld e h y d e :  mp 120 . 5- 122° .
Method C (v ia  O xida tion  w ith  Lead T e t r a a c e t a t e . 9 A benzene s o lu ­
t i o n  o f  le ad  t e t r a c e t a t e  ( 53*2 g ,  0 .120  mol) was brought to  r e f lu x .
The h e a t  was removed and 2 ,6 -d i(h y d ro x y m e th y l)p y r id in e  (6. J 6 g,
0 .049  mol) was added v i a  s o l i d  a d d i t io n  fu n n e l .  The m ix tu re  was r e ­
f lu x ed  f o r  1 h o u r ,  co o le d ,  and £ a .  2 ml e th y le n e  g ly c o l  was added.
This  s o lu t i o n  was made b a s ic  w ith  a 10$ sodium c a rb o n a te  s o l u t i o n ,  
f i l t e r e d ,  and washed w ith  ch lo ro fo rm . The f i l t r a t e  was e x t r a c te d  
s e v e ra l  more tim es w ith  ch lo ro fo rm , d r ie d  w ith  sodium s u l f a t e ,  and 
c o n c e n tra te d  JLn vacuo . R e c r y s t a l l i z a t i o n  from benzene-pe tro leum  e th e r-A  
a f fo rd e d  2 .5 8  g (39*4$) o f  2 , 6-p y r id in e d ic a rb o x a ld e h y d e  (8^ ) :  mp I I 9 -
121°. The mother l i q u o r  was c o n c e n tra te d  and upon s u b l im a tio n  a t  
50- 80°  ( 2 .5  mm) gave an a d d i t i o n a l  600 mg (9 . 1$ ) :  mp 119- 121° .
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t r a n s  . t r a n a -2 ,b -D i[2 -(2 -(6 -m e th y lp y r id y l) )v in y l  ]p y r id in e  (8 9 ) .  43»vs  
A c e t ic  anhydride  (1 .2 7  g> 12 .5  mmol), 2 ,6 -p y r id in e d ic a rb o x a ld e h y d e  
( 1.00  g ,  7.41 mmol), and 2 , 6-d im e th y lp y r id in e  ( 6 .1 2  g ,  57*3 mmol) were 
re f lu x e d  under n i t r o g e n  f o r  3 h o u r a .  The m ix tu re  was c o n c e n tra te d  
in  vacuo and chromatographed on a f l o r i n i l  column w ith  benzene to  a f ­
fo rd  861 mg (37$) o f  ( 8£ ) :  mp I 3O -I3 I . 50 [ l i t . 43 mp 11*8-156° ( " . . .
f a l l i n g  to  129- 1330 on f u r t h e r  c r y s t a l l i z a t i o n  from b e n z e n e . . . " ) 43] ;  
nmr (CDC13> 220 MHz) 6 2 .57  ( 6-pyr-CH3 , s ,  6H ), 7 .O3 (H5 , d ,  J = 7 .8  Hz, 
2H), 7 .30  and 7.305  (h3 , H a ' ,  Hs #, d ,  J -  7 .8  Hz, 1+H), 7-55 and 7 .59
(H4 and H4 ' ,  t ,  J = 7 .8  Hz, 3H), 7-59 and 7 .7 8  (v in y l-H ,  d ,  J = 16.5  Hz, 
4 h ) ; i r ( n u j o l )  I 582 , 1562 , I I 50 , 985 , 973, 805 , and 7I4O cm"1; uv(MeOH) 
338 ( 28 ,050 ) ,  306 (3 2 , 800) ,  and 266 nm (2 3 ,000 ) .
c .CH
F u r th e r  e l u t i o n  w ith  e th y l  a c e t a t e  gave 639 mg o f  a m ix tu re  
of s e v e r a l  unknown compounds.
E thy l 2 ,6 - P y r i d in e d ia c e t a t e  ( 6 £ ) .5 An o i l  d i s p e r s io n  o f  sodium 
( 2 6 .2  g , 1 .14  mol) in  to lu e n e  (1*00 ml) was s t i r r e d  under n i t r o g e n .  
Chlorobenzene (57*5 g» 0 . 5I mol) was added dropw ise over 30 m inutes 
w h ile  th e  tem p era tu re  was m a in ta ined  a t  £ 35° v i a  i n t e r m i t t e n t  c o o l in g .  
S t i r r i n g  was co n tin u ed  f o r  1*5 m inutes  a t  t h i s  te m p era tu re .
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2 ,6 -D im e th y lp y r id in e  ( 58.5  8> 0*5^ mol) in  50 ml o f  to lu e n e  was added 
dropwise over  1 hour and s t i r r e d  f o r  an o th e r  2 hours  a t  35°. The mix­
tu r e  was poured onto  c ru shed  s o l id -C 0 2 w ith  v igo rous  s t i r r i n g  and was 
allowed to  warm slowly to  room te m p e ra tu re .  The s o lv e n t  was removed 
in  vacuo . The r e s id u e  was suspended in  400 ml o f  a b s o lu te  e th a n o l ,  
co o le d ,  and t r e a t e d  w ith  82 ml o f  co ld  c o n c e n tra te d  s u l f u r i c  a c id .
A f te r  r e f lu x in g  f o r  10 h o u r s ,  e th a n o l  was removed in  vacuo and th e  
r e s id u e  poured on to  i c e .  The aqueous s o lu t i o n  was washed w ith  e t h e r ,  
made s l i g h t l y  b a s ic  w ith  sodium c a rb o n a te ,  and e x t r a c t e d  w ith  c h lo ro ­
form. The ch loroform  e x t r a c t  was d r ie d  over sodium s u l f a t e ,  c o n c e n tra te d  
and f r a c t i o n a l l y  d i s t i l l e d  to  g ive  17-9  8 (20$) o f  e th y l  2- ( 6-m ethy l-  
p y r i d y l ) a c e t a t e  (66 ): bp 132-134° (14 mm) [ l i t , 5 bp 98" 102° (5  mm)];
nmr (CDC13 ) 6 1 .26  (-CHPCHo, t ,  J  = 7 Hz, 3H ), 2 .5 4  (pyr-CH-,. s ,  3H),
3 .8 2  (pyr-CHa , s ,  2H), 4.20 (CH^CH0- . q ,  J  -  7 Hz, 2H), 6 .9 0 -7 -7 5  
(pyr-H , ra, 3H); i r ( n e a t )  I 735 (C=0, e s t e r ) ,  I 595 , I 58O, 1270, 1170 
(C -0 ) , IO3O, and 766 cm” 1; ms (70 eV and 40 pA) m/e ( r e l a t i v e  i n t e n s i t y )  
179 ( 12) ,  134 ( 22 ) ,  107 ( 100) ,  106 ( 72) ,  79 (20 ) ,  and 77 (1 7 ) ;  and 
1 .76  g (1 .4 $ )  o f  crude e th y l  2 , 6- p y r i d l n e d i a c e t a t e  (6£ ) :  bp I 38- I 580
(6  mm) [ l i t . 5 bp I 58- I 6O0 (5  mm)]; nmr (CDC13 ) 6 1 .23 ( -CHPCH^. t ,
J  -  7 Hz, 6 h ) ,  3 .8 2  (pyr-CH2- , s ,  4 h ) ,  4 .2 7  (CHqCHp- . q ,  J  = 7 HZ,
4H), and 7 .0 5 -7 .8 0  (pyr-H , m, 3H).
R eac tio n  o f  2 ,6 -D im e th y lp y r id in e  Anions w ith  E thy l C h lo ro fo rm ate .
2 ,6 -D im e th y lp y r id in e  (O .55O g ,  5 . I 3 mmol) in  25 ml o f  THF was added 
dropwise w ith  v igo rous  s t i r r i n g  over I 5 m inu tes  to  a s o lu t i o n  o f  t -  
b u ty l l i t h iu m  ( 1 .12  g ,  17 .4  mmol) in  9 ml o f  hexane w h ile  th e  tempera­
tu r e  was k ep t  below -4 0 ° .  The co o l in g  b a th  was removed and th e  s o lu t i o n
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allowed to  warm to  6° du r in g  30 m in u te s ,  t r a n s f e r r e d  to  an a d d i t io n  
f u n n e l ,  and added over 10 m inu tes  to  e th y l  ch lo ro fo rm a te  (11. 35 s ,
105 mmol) a t  0 ° .  A f te r  s t i r r i n g  30 m inutes  th e  m ix tu re  was poured 
in to  100 ml o f  10$ sodium ca rb o n a te  s o lu t i o n  and s t i r r e d  10 m in u tes .  
Then aqueous sodium hydroxide s o lu t i o n  (10$, 25 ml) was added. The 
s o lu t i o n  was s t i r r e d  10 m inutes  and e x t r a c te d  w ith  ch lo ro fo rm . The 
ch lo ro fo rm  e x t r a c t  was d r ie d  w ith  sodium s u l f a t e  and c o n c e n tra te d  in  
vacuo to  g iv e  950 mg o f  a three-com ponent m ix tu re  (de te rm ined  by g l c ) :
2 , 6-d im e th y lp y r id in e  ( j ^ $ ) , e th y l  2- ( 6-m e th y lp y r id y l ) a c e t a t e  (2 4 $ ) ,  and 
e th y l  2 - (6 -m e th y lp y r id y l ) c a rb o n a te  ( 1 ^ )  (k2$ ) :  nmr (CDCl3 ) 6 1.3b
(-GHgCH3 , t ,  J  = T Hz, 3H), 2 .5 7  (pyr-CH3 , s ,  3H ), It, 38 (ClUCHg- , q ,
J  = 7 Hz, 2H), 5 .2 7  (pyr-CH p-0, s, 2H), 6 .9 5 -7 .7 5  (pyr-H , m, 3H); 
i r ( n e a t )  1750 (C=0, e s t e r ) ,  I 595 , I 58O, I 255 (C -0 ) , IO I5 , 875, and 
792 cm- 1 ; ms (JO eV and -hO jjA) m/e ( r e l a t i v e  i n t e n s i t y )  195 (*0» 123 
( 13 ) ,  122 ( 100) ,  107 ( 31 ) ,  and 106 (36 ) .
An e lem en ta l  a n a ly s i s  o f  1 ^  was no t o b ta in e d  s in c e  th e  sample 
was i n a d v e r t e n t ly  d is c a rd e d .
R eac t io n  o f  2 ,6 -D im e th y lp y r id in e  w ith  Sodium Hydride and D ie th y l-  
C arbona te . Sodium h ydride  (b . 2  g o f  a 50$ m in e ra l  o i l  s u sp e n s io n ,
100 mmol) was washed w ith  pe tro leum  e t h e r  and d r ie d  under n i t r o g e n .
2 ,6 -D im e th y lp y r id in e  (1 0 .7  g> 100 mmol) in  50 ml o f  DME was in t ro d u ced  
and re f lu x e d  f o r  1 h ou r .  D ie th y l  c a rb o n a te  (3 5 .4  g ,  300 mmol) in  30 ml 
DME was added and re f lu x e d  3 days .  The m ix tu re  was poured in t o  ic e  
w a te r  and e x t r a c te d  w ith  e t h e r .  The e t h e r  l a y e r  was e x t r a c t e d  w ith  
5$ h y d ro c h lo r ic  a c id .  This a c id ic  s o lu t i o n  was made b a s ic  w ith  sodium 
c a rb o n a te  and e x t r a c te d  w ith  e t h e r .  The e t h e r  was d r ie d  o v e r  sodium
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s u l f a t e  and c o n c e n tra te d  Jm vacuo. The r e s id u e  was f r a c t i o n a l l y  d i s ­
t i l l e d  a f f o r d in g  2 .3  g o f  a ye l low  o i l :  bp 78- 122° (0 .2  mm).
Chromatography ( p i c ,  2 mm, 5$ e th y l  a c e t a t e  in  ch lo ro fo rm ) o f  t h i s  
o i l  a f fo rd e d  I .58  g ( 16 . 8$) o f  e th y l  2- ( 6-m e th y lp y r id y l ) a c e ta te  (R^ = 
. 38 ) and 71^ mg ( 10 . 3$) o f  d i e th y l  2- (6-m e th y lp y r id y l)m a lo n a te  (lj££):
Rf  ■ -55 ; bp 96- 98°  ( 0 .8  mm); nmr (CDCl3 ) 6 1 .27  (-CHpCH^, t ,  J  =
7 Hz, 3H), 2 .5 7  (pyr-CHg, s ,  3H ), U.27 (CH^CHg- . q ,  J  = 7 Hz, 2H),
5.00 (pyr-CH, s ,  1H), 7 .0 -8 .0  (pyr-H , m, 3H); i r ( n e a t )  I 73O (C«0, 
e s t e r ) ,  I 585 , I 570 , U 5 0 , 1300, 121*0, 111(0, and I 030 cm- 1 ; ms (70 eV 
and 1*0 (iA) m/e ( r e l a t i v e  i n t e n s i t y )  25I  ( 10) ,  206 ( 1*1 ) ,  179 ( 100) ,
178 b k ) ,  137 (69 ) ,  136 (20 ) ,  134 (21 ) ,  133 ( 1 7 ) ,  108 ( 8 1 ) ,  107 ( 78) ,
106 (7k ) ,  and 77 (30 ) .
A n a l . Calcd f o r  C13Hi7N0 4: C, 6 2 .1 3 J .H , 6 .8 2 .  Found: C,
62 .1 7 ;  H, 7 .0 1 .
R eac t io n s  o f  2 ,6 -D im e th y lp y r id in e  A nion(s)  w ith  Methyl Io d id e .
2 ,6 -D lm e th y lp y r id in e  was t r e a t e d  w ith  a 2 mole r a t i o  o f  base  in  
v a r io u s  s o lv e n t -b a s e  sy stem s,  as shown in  Table  V, u s u a l ly  f o r  a s h o r t  
p e r io d  o f  time a t  room te m p e ra tu re .  The a n io n (s )  g en e ra ted  were trap p ed  
by a d d i t i o n  to  a methyl io d id e  s o lu i t o n  w ith  s t i r r i n g  f o r  30 m inu tes .  
Each r e a c t i o n  was poured in to  w a te r  and e x t r a c te d  w ith  e t h e r .  E ther  
e x t r a c t s  were d r ie d  over magnesium s u l f a t e  and c o n c e n tra te d  j j j  vacuo.
The r e s u l t i n g  m ix tu re s  of s u b s t i t u t e d  p y r id in e  compounds were compara­
t i v e l y  ana lyzed  by g lc  (Table  V).
E thy l  2 - (6- C h lo r o p y r id y l ) a c e t a te  ($61) and E thy l 2 -(6 -B rom opyridy l)-  
a c e t a t e  (1 6 2 ) . 2 ,l* ,l* -T rim ethy loxazo line i a i  (2.1*9 8 > 22 mmol) was s t i r r e d  
under n i t r o g e n  in  100 ml e t h e r  a t  - 70° .  A s o lu t io n  o f  n -b u ty l l i t h iu m
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TABLE V
REACTIONS OF 2,6-DIMETHYLPYRIDINE ANION(s) WITH METHYL IODIDE
Solven t Base
Time
( h r s ) a
R a t io  o f  S u b s t i t u t e d  P y r id in e s^
50 61 62/ s /v  r v u  r^rsJ
DMF KOtBu 12 1 .0 0 .5 _ _ _
THF/Hexane n-BuLi° 0 .5 1 .0 1 .2 0 . 7
THF/Hexane n-BuLiC 2 d 1 .0 5 .8 0 .8
Et gO C6H5Li 1 .5 1.0 9-9 5-5
HMPA/EtaO C6H5Li 0 .5 1 .0 2 .7 0 .9
a .  P e r io d  o f  an ion  g e n e ra t io n .
b . R eac tio n s  a re  com plica ted  by competing q u a t e r n iz a t io n .
c .  Use o f  n-BuLi a l s o  produces p ro d u c ts  c o n ta in in g  n -b u ty l  g ro u p ( s ) .
d. R eac t io n  tem p era tu re  was - ^ 5 ° ;  methyl io d id e  a d d i t io n  a t  25° w ith  
s t i r r i n g  f o r  2 h o u rs .
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in  hexane (10 m l, 2 .3 7  M, 24 mmol) was in t ro d u ced  v ia  s y r in g e  over 
3 m in u tes .  The m ix tu re  was allowed to  s lowly warm to  -40°  over  1 .5  
h o u rs .  2 ,6 -D ic h lo ro p y r id in e  (0 .7 4  g ,  5 mmol) i n  25 ml e t h e r  was added 
over 45 m in u te s .  The m ix tu re  was allow ed to  s t i r  1 h o u r ,  th u s  warming 
to  I 50 . A f te r  r e f lu x in g  2 h o u rs ,  th e  s o lv e n t  was e v a p o ra te d .  The 
re s id u e  was suspended in  50 ml a b s o lu te  e th a n o l .  C oncen tra ted  s u l ­
f u r i c  a c id  (5  ml) was c a r e f u l l y  added and th e  m ix tu re  r e f lu x e d  over­
n ig h t .  E thanol was removed im vacuo, th e  r e s id u e  suspended in  10$ 
sodium ca rb o n a te  s o l u t i o n ,  and e x t r a c te d  w ith  ch lo ro fo rm . The c h lo ro ­
form was d r ie d  over sodium s u l f a t e  and c a r e f u l l y  c o n c e n tra te d  jin vacuo . 
Chromatography ( p i c ,  2 nm; in  17$ e th y l  a c e ta te -c y c lo h e x a n e )  o f  th e  
r e s id u e  gave 125 m8 ( 17$) o f  2 , 6- d ic h lo r o p y r id in e  (R^ = . 68 ; in  25$ 
EtOAc-CeHia; mp 83- 85° )  and 237 mg (24$) o f  161: (Rf  = .51  in  25$
EtOAc-C<3H12) ;  bp 121-126° ( 1 .5  mm); nmr(CDCl3 ) 6 1 .27  (-CHaCHc, t ,
J  - 7 Hz, 3H), 3 .8 2  (pyr-CHa- , s ,  2H), if .18 (-CHeCH3 , q ,  J  = 7 Hz, 2H ),
7 .O5- 8 .O5 (pyr-H , m, 3H); i r ( n e a t )  I 73O (C=0, e s t e r ) ,  1575, 1550, 1425, 
1170 (C -0 ) ,  1155, 1130, and 1025 cm"1.
A na l. Calcd f o r  CgHloN02Cl: C, 5 4 . Ilf; H, 5-05. Found: C,
5 l f . l l ;  :H, 5 .40 .
S im i la r ly ,  2 ,6 -d ib ro m o p y r id in e  (0 .71  g , 3 mmol) and 2 ,4 ,4 -  
t r im e th y lo x a z o l in e  ( I .36  g ,  12 mmol) were r e a c t e d ,  s o lv o ly z e d ,  and 
chromatographed to  a f f o r d  I 3I  mg ( 19$) o f  u n re a c te d  2 , 6-d ib ro m o p y rid in e ,  
mp 113-115° (R^ = .77  in  25$ Et0Ac-C6H12) , a long  w ith  115 mg (16$) o f  
162: R- “ .53  i n  25$ Et0Ac-C6H12; bp 71-74° ( 0 .8  mm); nmr (CDCl3 ) 6
1 .28  (-CHoCH^. t ,  J  = 7 Hz, 3H), 3 .8 2  (pyr-CH2- , s ,  2H), 4 .19  (CH^CH-,. 
q ,  J  = 7 Hz, 2H), 7 .1 5 -7 .7 5  (pyr-H , m, 3H); i r (n e a t )  1735 (C=0, e s t e r ) ,  
I 58O, I 55O, 1260, 1120 (C -0 ) ,  1030, and 987 cm"1.
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A s u i t a b l e  e lem en ta l  a n a ly s i s  f o r  162 could  not be o b ta in e d ,  
even a f t e r  re p e a te d  chromatography ( p i c ,  2 mm) and m o lecu la r  d i s t i l l a ­
t i o n .
2 -C h lo ro m e th y l-6 -m e th y lp y r id in e  (16^,). 2 ,6 -D im e th y lp y r id in e  N- 
ox ide  (7.1* g> 6 .0  mmol) in  60 ml o f  benzene was s t i r r e d  w ith  jj- 
t o lu e n e s u l fo n y l  c h lo r id e  (1 1 .5  g> 6 .0  mmol) f o r  3 h o u rs .  A f te r  removal 
o f  th e  s o l v e n t ,  th e  r e s id u e  was h ea ted  to  100° f o r  1 h o u r ,  c o o le d ,  and 
washed w ith  e t h e r .  The r e s id u e  was b a s i f i e d  w ith  a s a tu r a t e d  sodium 
b ic a rb o n a te  s o lu t i o n  and e x t r a c te d  w ith  ch lo ro fo rm . The ch lo ro fo rm  
e x t r a c t  was d r ie d  over sodium s u l f a t e  and c o n c e n tra te d  a f fo rd in g  a 
r e s i d u a l  o i l  (7 .8 2  g) which was d i s t i l l e d  to  g ive  3 .21  g (37-6$) o f  pure 
2 -c h lo ro m e th y l -6 -m e th y lp y r id in e  (1 6 ^ ) :  bp 72-75° (7 mm) [ l i t . 43*113
bp 1*5-50° (0.1* mm)]; nmr (CDC13 ) 6 2 .55  (pyr-CHa, s ,  3H ), 1*.62 
( p y r -CHp- , s ,  2H), 6 .9 5 "7 .8 0  (pyr-H , m, 3H).
2 . 6 - P i ( c h lo ro m e th y l )p y r id in e  ( ^ 5 ) .  Method A. f v ia  H -0xide R ear­
rangement ). 2 -C h lo ro m e th y l-6 -m e th y lp y r id in e  (3 .21  g ,  2 2 .6  mmol), a c e t i c  
a c id  (30  m l ) ,  and 10 ml o f  30$ hydrogen perox ide  s o l u t i o n  were s t i r r e d  
a t  80° f o r  12 h o u rs .  F resh  hydrogen pero x id e  (5  m l, 30$ s o lu t i o n )  was 
added and th e  s o lu t i o n  h ea ted  f o r  an a d d i t i o n a l  1* h o u rs .  A f te r  concen­
t r a t i o n  j j i  vacuo to  c a .  h a l f  volume, w a te r  (25  ml) was added and th e  
s o l u t i o n  evapo ra ted  to  d ry n e ss .  The r e s id u e  was suspended in  10$ 
sodium c a rb o n a te  s o l u t i o n ,  e x t r a c te d  w ith  ch lo ro fo rm , d r ie d  over 
magnesium s u l f a t e ,  and ev ap o ra ted .  The r e s u l t a n t  c rude  N-oxide (161*) 
was s t i r r e d  i n  1(0 ml benzene w ith  j j - to lu e n e s u l f o n y l  c h lo r id e  ( 1*.1*7 g>
2 3 .5  mmol) f o r  8 h o u rs .  The s o lv e n t  was removed, and th e  r e s id u e  was 
h ea te d  a t  100° f o r  1 h o u r ,  c o o le d ,  and washed w ith  e t h e r .  The r e s id u e
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was t r e a t e d  w ith  10$ sodium ca rb o n a te  s o lu t io n  and e x t r a c te d  w ith  
ch lo ro fo rm . The ch lo ro fo rm  e x t r a c t  was d r ie d  over sodium s u l f a t e  and 
ev ap o ra ted .  Chromatography o f  th e  r e s id u e  on a f l o r i s i l  column in  
pe tro leum  e th e r-A  u s in g  g ra d ie n t  e l u t i o n  w ith  benzene to  a f f o r d  795 mg 
(2k . 8$) o f  u n re a c te d  2-c h lo ro m e th y l -6-m e th y lp y r id in e  and 100 mg ( 2 . 5$) 
o f  2 ,6 -d l ( c h lo ro m e th y l )p y r id in e :  mp 75-76° ( l i t . 43 mp 7 4 -7 5 ° ) .
Method B - (via Thionyl C h lo r id e ) . 43 2 ,6 -D i(h y d ro x y m e th y l)p y r id in e  
(21 .0  g ,  0 . 1 5 mol) was suspended in  r e f lu x in g  ch lo ro fo rm  ( 5OO ml) 
under a n i t r o g e n  atm osphere. Thionyl c h lo r id e  (1*5 m l, O.63  mol) in  
75 ml o f  ch lo ro fo rm  was added dropwise over 1 .5  h o u r s , and th en  r e ­
f luxed  f o r  12 h o u rs .  S o lven t and excess  th io n y l  c h lo r id e  were removed 
in  vacuo. The r e s id u e  was t r e a t e d  w ith  10$ sodium c a rb o n a te  s o lu t i o n  
and e x t r a c te d  s e v e ra l  tim es w ith  e t h e r .  The e t h e r  e x t r a c t s  were d r ie d  
w ith  sodium s u l f a t e ,  d e c o lo r iz e d  by ra p id  f i l t r a t i o n  through a sm all 
column o f  f l o r i s i l ,  and c o n c e n t ra te d .  The r e s id u e  was r e c r y s t a l l i z e d  
from pe tro leum  e th e r-A  to  g ive  2 3 .5  g (89$) o f  2 ,6 -d i ( c h lo ro m e th y l ) -  
p y r id in e :  mp 74 .5"76° ( l i t . 43 mp 74-75°)»  nmr (CDC13 ) 6 4 .68  (pyr-CHa-
C l,  s ,  4H), 7 .2 5 -7 .9 5  (pyr-H , m, 3H); i r ( n u j o l )  I 59O, 1250, IO8 5 ,
752 , 688 , and 674 cm” 1 .
2 , 6 - P y r i d i n e d i a c e t o n i t r i l e  ( j j ) .  2 ,6 -D i(c h lo ro m e th y l)p y r id in e  
(17 .3  g> O.O98 mol) in  125 ml o f  d ry  DMS0 was added dropw ise over  2 
hours to  a s t i r r e d  s o lu t io n  o f  po tass ium  cyan ide  (35*3 g> 0 .540  mol) 
in  125 ml o f  DMS0 under n i t r o g e n  a t  41°. A f te r  21 h o u rs ,  th e  m ix tu re  
was poured i n t o  a s o lu t i o n  o f  10$ aqueous sodium ca rb o n a te  (1 .3  &) con­
t a i n i n g  I 5 ml o f  a 40$ sodium hydroxide s o lu t i o n  and e x t r a c te d  sequen­
t i a l l y  w ith  e t h e r  and ch lo ro fo rm . The o rg a n ic  e x t r a c t s  were washed
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w ith  w a te r ,  d r ie d  over magnesium s u l f a t e ,  combined, and c o n c e n tra te d  
in  vacuo . The r e s id u e  was suspended in  ch lo roform  and f i l t e r e d  through 
a sm all column of a lum ina. The f i l t r a t e  was evapo ra ted  and th e  r e s id u e  
r e c r y s t a l l i z e d  from e th a n o l  to  a f f o r d  Ib . J  g (9 2 . 7$) o f  2 ,6 -p y r id in e -  
d i a c e t o n i t r i l e  (7£ ):  mp 95"96° ( l i t . 43 mp 9 7 -9 8 ° ) ;  nmr (CDC13 ) 6 3 .95
(pyr-CHp-, s ,  lffl), 7 .1 5 -7 -9 5  (pyr-H , m, 3H); i r ( n u j o l )  2350 (C^N), I 585 , 
1570, 1090, 99k,  920 , 793, and 762 cm"1
Methyl 2 .6 -P y r i d in e d ia c e t a t e  (%%). 2 , 6 - P y r i d i n e d i a c e t o n i t r i l e  
( I k .9 g , 95 mmol) was s t i r r e d  in  anhydrous methanol (300 ml) and 
s a tu r a t e d  w ith  hydrogen c h l o r i d e  over 2 h o u rs .  A f te r  c o o l in g  to  room 
te m p e ra tu re ,  w a te r  (3 .6 5  m l, 220 mmol) was added d ropw ise ,  th en  s t i r r e d  
f o r  9 h o u rs .  The m ix tu re  was re f lu x e d  f o r  1 .5  hours  and ev ap o ra ted  to
d ry n ess .  T reatm ent o f  th e  r e s id u e  w ith  a 10$ sodium c a rb o n a te  s o lu t i o n
/
was fo llow ed by e x t r a c t i o n s  w ith  e t h e r  th en  w ith  ch lo ro fo rm . The 
o rg an ic  e x t r a c t s  were combined, d r ie d  w ith  magnesium s u l f a t e  and eva­
p o ra te d .  This  r e s id u e  was d i s t i l l e d  to  g ive  10 .85  g (51 .2$ )  o f  methyl
2 ,6 - p y r i d in e d i a c e t a t e :  bp I 4I+-I5I 0 (1 mm). R e c r y s t a l l i z a t i o n  from
hexane produced an a n a l y t i c a l  sample: mp 6 2 . 5- 63 . 5° ( l i t . 41 mp 62° ) ;
nmr (CDCl3 ) 6 3*67 (-COgCHg, s ,  6H ), 3 .8 2  (pyr-CH2- ,  s ,  1+H), 7 -1 -7 .8  
(pyr-H , m, 3H); i r ( n u j o l )  1730 (C=0, e s t e r ) ,  I 595 , I 37O, 1200 (C-o),
1155 (C -0 ) ,  1000, 887, and 765 cm"1.
E thy l 2 . 6 - P y r i d in e d i a c e t a t e  ( 6£) was p rep a red  in  an i d e n t i c a l  
manner from th e  d i a c e t o n i t r i l e  £ £ .  Chromatography o f  th e  c rude  p roduc t  
on f l o r i s i l  w ith  25$  e t h y l  a c e t a t e  i n  pe tro leum  e th e r-A  a f fo rd e d  (76$) 
p u r e  e t h y l  2 , 6- p y r i d i n e d l a c e t a t e  which was i d e n t i c a l  to  an a u th e n t ic  
sample.
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2 ,6 - D is t y r y l p y r id in e  (68 ) .  Method A. fv lq  A c e t ic  A n h y d r id e ) . •2 ,6 -  
D im ethy lpy rid ine  (214 g ,  2 .0  m o l) ,  benzaldehyde (458 g , 4 .4  m o l) ,  and 
a c e t i c  anhydride  (1 .5  8 .9 6  mol) were re f lu x e d  48 hours under a
n i t r o g e n  atm osphere . C o n c e n t ra t io n  to  c a .  h a l f  volume was accom plished 
In  vacuo . The r e s id u e  was poured in to  5 I  i c e  w a te r  and allow ed to  
s tan d  o v e rn ig h t .  The p r e c i p i t a t e  was removed and th e  f i l t r a t e  ex­
t r a c t e d  w ith  ch lo ro fo rm . The f i l t e r e d  s o l id s  were combined w ith  the  
ch lo ro fo rm  e x t r a c t s  and n e u t r a l i z e d  w ith  a  10$ sodium c a rb o n a te  s o lu ­
t i o n .  The ch lo ro fo rm  la y e r  was s e p a r a te d ,  d r i e d ,  and c o n c e n tra te d  in  
vacuo . R e c r y s t a l l i z a t i o n  o f  th e  r e s id u e  from b e n ze n e -e th a n o l  gave
110.5 8 (20$) o f  2 , 6- d i s t y r y l p y r i d i n e  (68 ) :  mp 165- 166 . 5°  ( l i t . 29 mp
1 6 6 .5 ° ) ;  nmr (CDCl3 ) 6 7 .0 -7 -9  ( a l l  H 's ,  m); i r ( n u j o l )  1640, I 570 ,
1550 , 1155 , 980 , 970 , 797, 733, and 69O c m '1; uv (MeOH) 335 (2 6 , 150) 
and 290 nm (4 1 ,7 0 0 ) .
The mother l i q u o r  was c o n c e n tra te d  and d i s t i l l e d  a t  reduced 
p r e s s u r e .  The d i s t i l l a t e  [bp 160-166°  (2-3  mm)] was t r i t u r a t e d  w ith  
petro leum  e th e r -A  and f i l t e r e d  to  p ro v id e  53 8 c rude  a l c o h o l ,  mp 
106- 110° ,  which upon r e c r y s t a l l i z a t i o n  from e t h a n o l - e t h y l  a c e t a t e  gave 
52 g (20$) o f  l - p h e n y l - 2- [ 2- ( 6-m e th y lp y r id y l ) ] e th a n o l  (lj5^): mp 116-
118° [ l i t . 38 bp I 330 (0 .01  mm)]; nmr (CDCl3 ) 6 2 .9 6  ( p y r -CH^, s ,  3*0 , 
7 .1 5 -8 .3 5  (rem ain ing  H 's ,  m, 12H); i r ( n u j o l )  3400 (OH), I 63O, 1600,
I I 6 5 , 9 8 0 , 800 , 762 , 719 , and 693 cm"1 .
The pe tro leum  e t h e r  f i l t r a t e  was c o n c e n tra te d  and coo led  to  
a f f o r d  6 5 .3  8 (17$) o f  2-m e th y l -6- s ty ry lp y r id in e  ( 166) :  mp 42 .5 -44°
( l i t . 29 mp 38° ) ;  nmr(CDCl3 ) 6 2 .5 2  (pyr-CH^. s ,  3H ), 6 . 75- 7 .80 (arom-H, 
and v in y l-H ,  m, 10H); i r ( n u j o l )  1580 , I 56O, 9 88 , 979 , 785, 734, and 
69O cm"1; uv (MeOH) 3 I 3 (2 8 ,4 0 0 ) ,  281 (1 4 ,5 7 0 ) ,  and 227 nm (1 2 ,3 0 0 ) .
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Method I). Tv l a  Imlne C ondensa tion ) . 123»lg 4  A ccording to  p rocedure  
in  Organic S y n th e s e s . 122 benzaldehyde (106 g , 1 mol) was s t i r r e d  r a p id ly  
w hile  a n i l i n e  (93 g , 1 mol) was s low ly added. A f te r  15 m in u te s ,  t h i s  
m ix tu re  was poured in to  165 ml o f  95$ e th a n o l .  F u r th e r  d i l u t i o n  w ith  
w ate r  and c o o l in g  a f fo rd e d  144 g (86%) of  b e n z a la n i l in e  ( l 6£ ) :  mp
5 1 .5 -5 2 .5 °  ( l i t . 122 mp 52°), nmr (CDCl3 ) 6 6 . 95- 7 .60  (arom-H, m, 8H ), 
7 . 65- 8 .O5 (o-arom-H, m, 2H), 8 .3 8  (v in y l-H ,  s ,  1H); i r ( n u j o l )  I 625 
(C=N), I 585 , 1570, 1190, 762, and 693 cm"1; uv (MeOH) 262 (1 7 ,6 0 0 ) ,  
and 310 nm (9 , 170) .
2 ,6 -D im e th y lp y r id in e  (1 .0 7  g , 10 mmol) and b e n z a la n i l in e  
(3 .6 2  g ,  20 mmol) in  10 ml DMF were s t i r r e d  under n i t r o g e n .  Potassium  
t -b u to x id e  (2 .2 4  g ,  20 mmol) was in t ro d u ced  w ith  DMF (10 m l) .  The 
m ix tu re  was warmed c a r e f u l l y  to  90°  over a t  l e a s t  30 m inutes  and then  
m a in ta ined  a t  t h a t  tem pera tu re  f o r  an a d d i t i o n a l  1 to  2 h o u rs .  A f te r  
c o o l in g  s l i g h t l y ,  th e  m ix tu re  was poured in to  100 ml o f  w a te r  and 
c h i l l e d  f o r  s e v e ra l  h o u rs .  A ye l low  p r e c i p i t a t e  was c o l l e c t e d ,  washed 
w ith  w a te r ,  and r e c r y s t a l l i z e d  from benzen e-cy c lo h ex an e-e th an o l to  a f ­
fo rd  2 .20  g ( 78$) o f  th e  sym m etrical o l e f i n  68 : mp I 65- I 660 .
2 .6 -B i8 ( l ,2 -d jb ro m o -2 -p h e n y le th y l )p y r id in e  (168^ .29 2 , 6 - d i s t y r y l -  
p y r id in e  (7 0 .7  g> O.25  mol) was r e f lu x e d  in  carbon  t e t r a c h l o r i d e  (2 .5  f) 
w hile  bromine (83 g ,  O.52  mol) in  200 ml o f  carbon t e t r a c h l o r i d e  was 
added dropw lse over  2 h o u rs .  A nother 2 I  o f  s o lv e n t  was added and r e ­
f lu x  con t inued  f o r  2 h o u rs .  U nreacted bromine was d e s tro y ed  by v igo rous  
s t i r r i n g  w ith  aqueous sodium b i s u l f i t e .  The aqueous l a y e r  was decanted
By e r r o r ,  only  o n e -h a l f  th e  sugges ted  r a t i o  o f  base  was u t i l i z e d .
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and th e  o rg a n ic  l a y e r  f i l t e r e d  h o t .  Upon c o o l in g ,  th e  te t ra b ro m ld e  r e ­
c r y s t a l l i z e d :  I 36 g (90$ ); mP 180-182° ( l i t . 125 mp I 830 ) ;  nmr (DMS0-de )
6 6.23  (arom-CH-. m, 4H) , 7«0"8.1 (arom-H, m, I 3H); i r ( n u j o l )  I 58O,
111(0 , 787 , and 800 cm” 1 .
The mother l i q u o r  was c o n c e n tra te d  alm ost t o  d ryness  and f i l ­
t e r e d .  The r e s u l t a n t  ye l low  s o l id  was r e c r y s t a l l i z e d  from e th a n o l -  
ch lo ro fo rm  to  g ive  an a d d i t i o n a l  12 .6  g (8 . 1$ )  o f  th e  te t r a b ro m ld e :  mp
I83-18V3.
2 . 6-P i(p h e n y le th y n y 1)p y r id in e  (6 ^ ) .41 2 ,6 -B is ( l ,2 -d ib ro m o -2 -
p h e n y le th y l )p y r id in e  ( I 5 g ,  O.25  mol) was suspended in  300 benzene.
Sodium hydrox ide  (60 g ,  1 .5  mol) in  800 ml o f  95$ e th a n o l  was i n t r o ­
duced and th e  m ix tu re  re f lu x e d  f o r  24 h o u rs .  S o lv en ts  were removed by 
d i s t i l l a t i o n .  The d i s t i l l a t i o n  r e s id u e  was t r i t u r a t e d  w ith  e t h e r  and 
f i l t e r e d .  The e t h e r a l  f i l t r a t e  was c o n c e n tra te d  jLn vacuo and r e c r y s t a l ­
l i z e d  from cy c lo h ex an e -e th an o l  ( c h a rc o a l )  to  a f fo rd  34 .1  g (49$) o f  
d ia c e ty l e n e :  mp 134-136° ( l i t . 51 mp 137-158°); nmr (CDCl3 ) 6 6 . 8 -7 -7
( a l l  arom-H); i r ( n u j o l )  2200 (ChC), I 55O, I I 6 5 , 810, 765 , 757, and
69O cm"1; uv (MeOH) 318 (29 ,420) , 282 (3 5 ,6 0 0 ) ,  and 268 nm (3 4 ,9 5 0 ) .
2 .6 -D i(p h e n a c y l )p y r id in e  (70 ) . 51 2 ,6 -D i(p h e n y le th y n y l )p y r id in e  
(5 2 .5  g ,  0 .1 1 6  mol) i n  25O ml o f  50$ s u l f u r i c  ac id  was h ea ted  to  135° 
f o r  c a .  I 5 m inutes  and th en  poured in t o  25O ml o f  w a te r .  The s u l f a t e  
s a l t s  o b ta in ed  on c o o l in g  were f i l t e r e d ,  washed and f i n a l l y  r e c r y s t a l ­
l i z e d  from 95$ e th a n o l .  The yellow  s a l t  (mp 200°) was suspended in  
m e thano l,  warmed, and b a s i f i e d  w ith  c o n c e n tra te d  ammonium hydrox ide . 
D i lu t io n  w ith  w ate r  and c o o l in g  produced a ye llow  s o l id  which was f i l ­
t e r e d  and r e c r y s t a l l i z e d  from benzene-hexane u f fo rd in g  22.33  g (64$)
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o f  th e  d ik e to n e :  mp 77-80° . F r a c t i o n a l  r e c r y s t a l l i z a t i o n  in c re a se d
th e  m e lt in g  p o in t :  mp 85- 87°  ( l i t . 41 mp 9 0 ° ) » nn>r (CDC13 )-  very  com­
p l i c a t e d  s in c e  e x i s t s  as ca .  39$ e n o l ;  i r ( A u jo l )  1675 (C=0), I 63O 
(H-bonded C=0), 1590, 1545, 1520, U-95, 804, 784, 758, 737, and 692 cm"1.
2 ,6 -D i(m e th y l tr ip h en y lp h o sp h o n iu m )p y r id in e  D ic h lo r id e  (16<?). 2 ,6 -
D i(c h lo ro m e th y l )p y r id in e  ( 4 .4  g ,  25 mmol) and t r ip h e n y lp h o s p h in e  (1 4 .2  g , 
54 mmol) in  50 ml o f  DMF were r e f lu x e d  o v e rn ig h t .  The coo led  r e a c t io n  
m ix tu re  was d i l u t e d  w ith  e t h e r ,  f i l t e r e d ,  and s to r e d  under vacuum u n t i l  
a c o n s ta n t  w e ig h t .  The y i e l d  was e s s e n t i a l l y  q u a n t i t a t i v e :  mp 274-276°.
E thy l 2 - P y r id y la c e ta t e  (1 2 ) .  Method A. A su sp e n s io n  o f  2- 
m e th y lp y r id in e  (27  m l, 0 .3  m o l) ,  d ie th y lc a rb o n a te  (121 m l, 1 .05  mol) 
and sodium h y d r id e  (43 g ,  1 .0  mol) in  100 ml o f  dry  DME was re f lu x e d  
f o r  12 h o u rs .  A f te r  c o o l in g  and c a r e f u l l y  pou r in g  in t o  w a te r ,  the  
aqueous m ix tu re  was e x t r a c te d  w ith  e t h e r ,  d r ie d  over  anhydrous magnesium 
s u l f a t e  and c o n c e n t ra te d .  The r e s id u a l  o i l  was f r a c t i o n a l l y  d i s t i l l e d  
g iv in g  10 g (20$) o f  e th y l  2- p y r i d y l a c e t a t e :  bp 110- 116°  (6  mm) [ l i t . 4 *126
bp 122-125° (12 mm)]; nmr (CDCl3 ) 6 1 .23 ( -CHPCHP , t ,  J  = 7 Hz, 3H ),
3 .83  (CHgCO, s ,  2H), 4 .17  (-CHgCH3- ,  q , J  = 7 Hz, 2H), 7 - 0 - 7 -8  (arom-H, 
m, 3H ), and 8 . 45- 8 .6 5  ( 6-p y r -H ,  m, 1 h ) ; i r ( n e a t )  1738 (C=0, e s t e r ) ,  I 587 , 
1160, and IO36 cm- 1 .
A h ig h e r  b o i l i n g  f r a c t i o n ,  bp 110-117° ( 0 .3  mm), was c o l ­
l e c t e d .  A f te r  p u r i f i c a t i o n  by dry column chrom atography, th e  r e s u l t a n t  
ye llow  o i l  was d i s t i l l e d  a f f o r d in g  85O mg (1 .2 $ )  o f  d i e th y l  2 -p y r id y l -  
m alonate  ( l/fO): bp I 3O -I320 (1 mm); nmr (CDC13 ) 6 1 .21 (-CHPCHP , t ,
J  = 7 Hz, 3H), 4 .22  (-CH2CH3 , q , J  = 7 Hz, 2H), 5 .04  (pyr-H , m, 3H), 
and 8 .4 4 -8 .6 5  (6-py r-H , m, lH );  i r ( n e a t )  1743 (c=0, e s t e r ) ,  1595, 11-52, 
and 1037 cm- l .
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A n a l . Calcd f o r  C12H15N04: C, 60 . 76 ; H, 6 . 3 8 . Found: C,
61 .06 ; H, 6.1+0.
Method B. E thy l  2 - p y r id y l a c e t a t e  was a l s o  p rep a red  in  43$ y i e l d  
by th e  method o f  G oldberg , e t  a l . 16 from 2 - p i c o l y l l i t h i u m  and d ie th y l  
ca rb o n a te  a t  0 ° .  Workup d e v ia te d  from th e  l i t e r a t u r e  p rocedure  to  
fu rn i s h  a d d i t i o n a l  compounds, which a re  th e  s u b je c t  o f  a s e p a ra te  
p r o j e c t  ( s e e  Appendix i ) .
E thy l  (z)- and (E ) -a - (2 -P y r id y l ) c ln n a m a te  (17 1 ) .  E thy l 2 -p y r id y l -  
a c e t a t e  ( 5O5 mg, 3*06 mmol), benzaldehyde (358 mg, 3*38 mmol), and 
p ip e r i d in e  (178  mg, 2 .0 9  mmol) in  a b s o lu te  e th a n o l  ( I 5 ml) were r e ­
f lu x ed  under n i t r o g e n  f o r  22 h o u rs .  So lven t and excess  r e a g e n ts  were 
removed in  vacuo . The c rude  r e a c t i o n  m ix tu re  was chromatographed ( p i c ,  
2 mm) w ith  2:1  c y c lo h e x a n e -e th y l  a c e t a t e  a f f o r d in g  th e  ( Z ) - ! ^ :  78 mg,
10$, bp I 5O -I6O0 (0 .1 5  mm), = . 6 3 , [ l i t . 32  m e th io d id e ,  mp 227-228°
( d ) ] ,  th e  (E )- r7 1  (=,{&): 15^ n>g, 20$, bp 179-186° ( 2 .5  mm), Rf  = . 5*+;
[ l i t . 32  bp I 6O -I6 I 0 (1 mm), m e th io d id e ,  mp 200- 201° ( d ) ] ,  and u n reac ted  
e th y l  2 - p y r id y l a c e t a t e  (216 mg, 43$, R^ = .4 1 ) .  S p e c t ra l  d a ta  a re  in  
Table VI.
A n a l . Calcd f o r  C16H15N02: C, 75-87; H, 5 . 9 7 ; N, 5 . 53 .
Found: [ ( z ) - i s o m e r ] :  C, 76 .04 ; H, 5*96; N, 5-26.
E thy l ( z ) -  and ( E ) - 2 ,3 - D i ( 2 - p y r i d y l ) a c r y l a t e  (172 ) .  Method A. 
P ip e r id in e - E th a n o l . A m ix tu re  o f  e th y l  2 - p y r id y l a c e t a t e  (2 .6 6  g ,
I 5 .8  mmol), 2-p y r id in e c a rb o x a ld e h y d e  ( 1 .72  g ,  16.1 mmol), and p ip e r ­
id in e  (1 ml) in  25 ml o f  a b s o lu te  e th an o l  was re f lu x e d  f o r  12 h o u rs .
The s o lv e n t  and excess  v o l a t i l e  re a g e n ts  were removed ^n  vacuo a f fo rd in g
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an o i l ,  which was d e c o lo r iz e d ,  and r e c r y s t a l l i z e d  from e th e r -p e t ro le u m  
e th e r-A  a f f o r d in g  98O mg (25$) of (z)-(y g :  mp 77-5- 79°. See Table VI 
f o r  s p e c t r a l  d a ta .
A n a l . Calcd f o r  C15H14N202: C, 70 .85; H, 5.55; N, 11 .02 .
Found: C, 70. 50; H, 5.3O; N, 10.95.
The mother l i q u o r  (3-0  g) was chromatographed on s i l i c a  ge l  
w ith  cy c lo h e x a n e -e th y l  a c e t a t e  ( 75 : 25 ) and u s in g  g r a d ie n t  e l u t i o n  to  
pure e th y l  a c e t a t e .  Nmr a n a ly s i s  o f  th e  weighed com binations in d ic a te d :  
(z)-L7<? (820 mg, 20$ , = . 4 5 ) ,  in te rm e d ia ry  a lc o h o ls  (86  mg, 2$ , =
•3 3 ) ,  e th y l  2 - p y r id y l a c e t a t e  (35O mg, 13$ ,  Rf  = . 3 8 ) ,  and (eJ -1^2  
[1 .20  g ,  30$ ,  Rf  = . 111, bp 11|5“ 150° (3 .5  mm)]. See Table VI f o r  spec­
t r a l  d a ta .
A n a l. Calcd f o r  C ig H ^N sO s : C, 70 .85; H, 5.55. Found: C,
70. 73; H, 5 . 60 .
Method B. A ce t ic  A n h y d r id e -T r ie th y lam in e . The e s t e r  (3 . 3 I  g ,
20.0 mmol) and a ldehyde (2.I5 g , 20.1 mmol) were s t i r r e d  in  25 ml of 
a c e t i c  anhydride  and 25 ml o f  t r i e th y la m in e  a t  25° f o r  I5 hours under 
n i t r o g e n  and th e n  poured in to  w a te r .  A f te r  b a s i f i n g  w ith  sodium c a r ­
b o n a te ,  th e  s o lu t i o n  was e x t r a c te d  w ith  e t h e r .  The e t h e r  l a y e r  was 
d r ie d  over sodium s u l f a t e  and ev ap o ra ted .  Nmr o f  th e  r e s id u e  in d ic a te d  
c a . 17*5$ (e)“1̂ 2, a long  w ith  (z)-l /£2 and a c e ty la te d  compounds. The
r e s id u e  was d e c o lo r iz e d  by f i l t r a t i o n  o f  a m ethylene c h lo r id e  s o lu t i o n  
through  s i l i c a  g e l ,  and r e c r y s t a l l i z e d  from co ld  e th e r -p e tro le u m  e ther-A  
to  g iv e  2.32 g (1|6$) of (z)-l/72: mp 77-78°.
Method C. T r ie th y la m in e -E th a n o l . The e s t e r  (3 . 31 g ,  20.0  mmol) 
and aldehyde (2.17 g> 20.3 mmol) were r e f lu x e d  in  25 ml o f  a b s o lu te
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e th a n o l  and 25 ml t r i e th y la m ln e  under n i t r o g e n  f o r  16 h o u rs ,  th en  th e  
s o lv e n ts  were e v a p o ra te d .  Nmr and t i c  showed th e  p resen ce  o f  some 
s t a r t i n g  m a te r i a l s  and a l c o h o l ( s )  (18$), as w e ll  as (E)-r£2 (17$), and 
(z )-1^2 . R e c r y s t a l l i z a t i o n ,  as  above, gave I .5  g (30$) of  (z)-l/J2 :
">P 7 7 .5 -7 9 ° .
(Z )-  and (E )-g -Pheny lc innam ic  Acids were p rep a red  by s ta n d a rd  
P e r k in 127 p rocedu res  from benzaldehyde and p h e n y la c e t ic  a c id .  U t i l i ­
z a t i o n  o f  F i e s e r ' s  method128 f o r  isomer s e p a r a t io n  a f fo rd e d  th e  pure 
Z -ac id :  1 1 .0 $ ,  mp I 38- I 390 ( l i t . 128 mp I 38- I 390 ) and th e  isom eric
E -a c id :  59-5$ . mp 172-173° ( l i t . 128 mp 17 ^ °) .
E th y l  (E)-(y-Phenylcinnamate was p rep a red  by s ta n d a rd  e s t e r i f i c a t i o n  
u s in g  a b s o lu te  e th a n o l  and s u l f u r i c  ac id  c a t a l y s t :  ( E ) - l ^ ,  ( o i l ) ,
l i t . 129 mp 3 I - 320 . S p e c t r a l  d a ta  a r e  in  Table VI.
E th y l  (z)-cy-Phenylc innam ate . Lengthy r e a c t io n  time f o r  p re p a ra ­
t i o n  o f  e s t e r  ( z ) - r j ^  from th e  a c id  was o b v ia ted  by an a d a p ta t io n  o f  
M il l s '  m e th o d .130 The ac id  (1 .2 6  g , 5.63  mmol), e th y l  io d id e  (0 .87  g , 
5 .60 mmol), and t r i e th y la m ln e  (O.55  g ,  5.1*5 mmol) were r e f lu x e d  f o r  
7 hours under n i t r o g e n .  A f te r  c o o l in g ,  th e  m ix tu re  was washed w ith  
e t h e r ,  c o n c e n t r a te d ,  suspended in  e th y l  a c e t a t e  and f i l t e r e d  through 
alumina to  g ive  853 mg ( 62$) o f  pure ( z ) - l ^ :  bp 135- 11*0° (0 .1  mm)
[ l i t . 129 bp I 3O0 (0 .0 1  mm)]. S p e c t r a l  d a ta  a r e  in  Tab le  VI.
E thy l (z)- and ( E ) - 2 - P h e n y l - 3 - ( 2 - p y r id y l ) a c r y la t e  ( l^ l*). 132 A 
m ix tu re  o f  sodium h y d r id e  (2J0 mg, 6 . 1*3 mmol), d i e th y l  o x a la te  ( 1 . 1*6 g ,
10 mmol), and e t h y l  p h e n y la c e ta te  (1.61* g ,  10 mmol) in  50 ml d i ( n - b u t y l ) -  
e t h e r  was h ea te d  a t  65°  f o r  1 h ou r .  The e th a n o l  was removed a t  a s p i r a t o r
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p r e s s u r e ;  th e n  a f t e r  c o o l in g  a t  50°» 2-p y r id in eca rb o x a ld eh y d e  ( 1 .09  g ,  
10 mmol) was added and re f lu x e d  under n i t r o g e n  f o r  1 h ou r .  The r e ­
a c t io n  m ix tu re  was co o led ,  poured in to  w a te r ,  e x t r a c te d  w ith  e t h e r  and 
ch lo ro fo rm , washed s u c c e s s iv e ly  w ith  a 10$ sodium ca rb o n a te  s o l u t i o n ,  
w a te r ,  and s a tu r a t e d  sodium c h lo r id e  s o l u t i o n ,  d r ie d  over magnesium 
s u l f a t e  and c o n c e n tra te d  vacuo . The r e s id u e  was chromatographed 
( p i c ,  2 mm) w ith  2:1  c y c lo h e x a n e -e th y l  a c e t a t e  g iv in g  (z)-r£4: 11+5 mg,
9$ , mp 6 9 .5 -7 1 .5 0 . Rf  » .60  [ l i t . 65 ( o i l ) ] ;  (E)-V[k:  253 mg, 16$, bp
195-2030 (4  mm), = . 51+; u n re a c te d  e th y l  p h e n y l a c e t a t e , and s e v e ra l  
o th e r  minor u n id e n t i f i e d  p ro d u c ts .  S p e c t r a l  d a ta  a re  in  Table VI.
A n a l . Calcd fo r  C i Qh I5no2 : c ,  75 .8 7 ; H, 5-97; n ,  5 . 53-
Found (E -isom er) :  C, 75 .68 ; H, 5 .8 2 ;  N, 5 .I+6 .
Deoxybenzoin (17^) was p rep a red  by th e  method o f  K ohler and
Nygaard: 133 mp 5 4 .5 -5 5 -5 °  ( l i t . 234 mp 55° ) ;  nmr (CDCla ) 6 4 .23 
( COCHo-. s ,  2H), 7 - 1 - 7 .6  (arom-H, m, 8h ) ;  i r ( n u j o l )  1675 (C=0), I 585 ,
1570, 1320, 1215, H 9 5 , 989 , 750, 727, 6 98 , and 685 cm"1.
Of- ( 2 - P y r id y l ) acetophenone ( 6 ) . 18 A s o lu t i o n  o f  p h e n y l l i th iu m  
( 2 .2  M in  b e n z e n e -e th e r , 25O m l, 0 .6  mol) in  25O ml e t h e r  was s t i r r e d  
under n i t r o g e n  w ith  a d d i t io n  o f  2-m e th y lp y r id in e  (56  g ,  0 .6  mol) over 
10 m in u te s .  The s o lu t i o n  was g e n t ly  re f lu x e d  f o r  30 m inutes fo llow ed 
by ra p id  a d d i t io n  o f  methyl benzoa te  (41 g ,  0 .3  mol) in  50 ml e t h e r .  
A f te r  an a d d i t i o n a l  30 m inutes r e f l u x ,  th e  r e a c t i o n  m ix tu re  was poured 
i n t o  d i l u t e  a c i d ,  th e  e t h e r  l a y e r  was s e p a ra te d  and e x t r a c te d  s e v e ra l  
tim es w ith  5$ h y d ro c h lo r ic  a c id .  A c id ic  e x t r a c t s  were made s l i g h t l y  
b a s ic  by c a r e f u l  a d d i t io n  o f  a 40$ sodium hydroxide s o lu t i o n .  E th e r  
e x t r a c t i o n s  were made u n t i l  th e  e x t r a c t  d id  no t g iv e  a p o s i t i v e  c o lo r
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t e s t  w ith  a l c o h o l ic  f e r r i c  c h l o r i d e .  The combined e x t r a c t s  were d r ie d  
over " D r i e r i t e " ,  and c o n c e n t ra te d .  F r a c t i o n a l  d i s t i l l a t i o n  a f fo rd e d  
41 g (6 9 . 5$) o f  a - (2 -p y r id y l )a c e to p h e n o n e  [bp 149-155° (2 mm)] which 
c r y s t a l l i z e d  on s ta n d in g :  mp 52- 54° .  R e c r y s t a l l i z a t i o n  from c y c lo -  
hexane r a i s e d  th e  m e l t in g  p o in t :  mp 54-57° ( l i t . 18 mp 52 . 5- 54° ) ;
p i c r a t e  mp 179~180.5° ( l i t . 17 p i c r a t e  mp 179-180°);  nmr (CDCl3 ) (k e to  
and eno l form s) 6 4 .43 (pyr-C H ?-. s ,  ~ 1 H ) ,  6 .0 4  (v iny l-H  o r  OH, s ,
~  . 5H), 6 .6 8 -7 .7 0  (arom-H and OH o r  v in y l -H ,  m, ~  6 . 5H), 7 .7 0 -8 .2 7  
(o-Bz-H and 6-py r-H , m, ^ 2 . 5 H ) ,  8 .42— 8 .60  (pyr-H , m, . 5H); i r  
( n u jo l )  I 63O (H-bonded C=0), I 595 , 1540, 1270, 1145, 1060, 877, 808,
777, 758, and 688 cm-1
t t - ( 4-N itropheny l)ace tophenone  (176) was p rep a red  by a pub lish ed  
method: 135 mp 142-143.5° ( l i t . 135 mp 1 44°);  nmr (CDC13 ) 6 6 .40  
(C0CH2 , s , 2 I I ) ,  7 .2 0 -7 .7 5  (arom-H, m, 5H), 7 .9 0 -8 .3 5  (o-Bz-H and o- 
N02CqH4- ,  m, 4H); i r ( n u j o l )  I 689 (C=0), 1225 and 1208 (C -0).
G eneral Condensation  f o r  1 . 2 -D ia ry l  B en zo y le th y len es . The appro ­
p r i a t e  af-ary lacetophenone (25  mmol) and a ry la ld e h y d e  (29  mmol) were 
re f lu x e d  in  25 ml dry benzene c o n ta in in g  0 .1  ml p i p e r i d i n e .  A f te r  
5-14 h o u rs ,  th e  t h e o r e t i c a l  amount o f  w ate r  had been c o l l e c t e d  u t i l i z i n g  
a  D ean-S tark  s e p a r a to r .  A f te r  th e  s o lv e n t  and excess  v o l a t i l e  re a g e n ts  
were removed ^ n  vacuo, th e  re s id u e  was d e c o lo r iz e d  and r e c r y s t a l l i z e d  
u s u a l ly  from e t h a n o l - e t h e r .  The mother l iq u o r s  were c o n c e n tra te d  and 
chromatographed ( p i c ,  2mm). Y ie ld s  were e s s e n t i a l l y  q u a n t i t a t i v e .  The 
p e rce n tag e  r a t i o s  o f  E/Z isomers and p e r t i n e n t  s p e c t r a l  d a ta  a r e  g iven  
in  Table V II .
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However, when 2 -p y r id in eca rb o x a ld eh y d e  was u se d ,  an equ iva­
l e n t  amount o f  p ip e r id in e  was n ecessa ry  to  r e a l i z e  the  removal o f  the  
t h e o r e t i c a l  amount o f  w a te r .  The dehydra ted  r e a c t i o n  m ix tu res  were 
r e f lu x e d  w ith  5$ HCl r e s u l t i n g  in  th e  e l im in a t io n  o f  p ip e r id in e  from 
th e  in te rm e d ia ry  Michael ad d u c ts .
C ondensation  o f  Desoxybenzoin w ith  2 -P y r id in e c a rb o x a ld e h y d e .
Method A. P ip e r id in e  C a t a l y s t . M a te r ia ls  were condensed by th e  above 
method and a f t e r  r e f lu x in g  f o r  19 h o u r s ,  a crude nmr spectrum  in d ic a te d  
20$ com ple tion .  A d d it io n  o f  1 ml o f  p ip e r id in e  fo llow ed  by an o th e r  2 
hours o f  r e f l u x  gave an a d d i t io n a l  amount o f  w a te r .  F i n a l l y ,  a d d i t io n  
o f  a s l i g h t  excess  o f  p ip e r i d in e  gave r i s e  t o  th e  t h e o r e t i c a l  amount o f  
w a te r  in  6 h o u rs .  A f te r  th e  s o lv e n t  and excess  v o l a t i l e  re a g e n ts  were 
removed ^ n  vacuo, th e  r e s id u e  was r e c r y s t a l l i z e d  from e th e r - e th a n o l  
a f f o r d in g  2 .5 8  g (27$) o f  l - p h e n y l - 2- N - p ip e r id in o - 2- ( 2-p y r id y l )b e n z o y l -  
e thane  (18^):  mp 167-5-169°; nmr (CDC13 ) 6 O .85- I . 7O (3 ,4 ,5 -p ip -H ,
m, 6H ), 1 .9 5 -2 .9 5  ( 2 , 6-p ip -H ,  m, 4H), 4 .72  (pyr-C H -, d ,  J  -  11 .5  Hz,
1H), 5 .84  (Ph-CH-, d ,  J  = I I .5  Hz, 1H), 6 .8 0 - 7 .65  (arom-H, m, 11H), 
8 .0 0 -8 .2 5  (o-Bz-H, m, 2H), 8 . 47- 8 .6 5  ( 6-py r-H , m, 1H); i r ( n u j o l )  1673 
(C=0), 1592, 1219, 763 , and 699 cm"1.
A na l. Calcd f o r  C25H26N20: C, 8 1 .0 4 ;  H, 7 .0 8 ;  N, 7 . 56 .
Found: C, 8 0 .6 4 ;  H, 6 .9 7 ;  N, 7 .47 .
The mother l i q u o r  was c o n c e n tra te d  a f f o r d in g  4 .79 S (67$) o f  
(z ) -1 7 8 :  nmr (CDC13 ) fi 6 .7 7 -7 .6 8  (arom-H and v in y l -H ,  m, 12H), 7 . 83-
8 .10  (o-Bz-H, m, 2H ), 8 . I 3- 8 .3 2  (6-pyr-H , m, 1H). O ther d a ta  a re  l i s t e d  
in  Table V II.
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Anal C alcd . f o r  CgoHj.-.NO: C, 81*. 18; H, 5*3°; N, 4 .91 .
Found: C, 8 4 .1 3 ;  H, 5 .1 8 ;  N, If.8 9 .
The p ip e r i d in e  adduct 18£ (1 .11  g ,  30 mmol) In  30 ml o f  5$ 
h y d ro c h lo r ic  a c id  was re f lu x e d  o v e rn ig h t ,  poured in t o  i c e  w a te r ,  b a s i -  
f i e d  w ith  a 10$ sodium ca rb o n a te  s o l u t i o n ,  e x t r a c te d  w ith  ch lo ro fo rm , 
d r ie d  w ith  anhydrous magnesium s u l f a t e ,  and e v a p o ra te d .  The r e s id u e  
was r e c r y s t a l l i z e d  from 95$ e th a n o l  a f f o r d in g  0 .7 8  g (91$)
Nmr s p e c t r a l  d a t a ,  and a n a ly se s  f o r  new compounds, a re  
l i s t e d ,  whereas o th e r  d a ta  a r e  p re s e n te d  in  Table  V II .
(E ) - l£ £ :  nmr (CDCl3 ) 6 7 .0 5 -7 .5 7  (arom-H and v in y l-H ,  m,
14h ) ,  7 .7 6 -7 .9 6  (o-Bz-H, m, 2H).
(z ) -1 7 4 :  nmr (CDCl3 ) 6 7 .0 0 -7 .6 2  (arom-H and v in y l -H ,  m,
14H), 7 . 83- 8 .O8 (o-Bz-H, m, 2H).
( z ) - l8 0 :  nmr (CDCl3 ) 6 6 .9 5 -7 -7 5  (arom-H, m, l l H ) ,  7 . 85- 8 . I 5
(o-Bz-H, m, 2H ), 7-92 (v in y l-H ,  s ,  1H), 8 . 5O-8 .6 8  (6-py r-H , m, lH ).
A n a l. Calcd f o r  C2oH15N0: C, 84 .18; H, 5 . 3O; N, 4 .91 .
Found: C, 84 .51; H, 5 . 18; N, 4 . 9 I .
(Z)-182: nmr (CDCl3 ) 6 6 . 82- 7 .78  (arom-H, m, 9H ), 7 . 85- 8 .35
(o-Bz-H and 6 -py r-H , m, 3H ), 7*92 (v in y l-H ,  1H), 8 . 56- 8 .7 5  (6-pyr-H , 
m, 1H).
A na l. Calcd f o r  C19H14N£0: C, 79-70; H, 4 .9 3 ;  N, 9-79-
Found: c ,  79 .44; H, 4 .7 5 ;  N, 9 . 67 .
/
Method B. D icyclohexylam ine C a t a l y s t . Desoxybenzoin ( I .96  g ,
10.0  mmol) and 2 -p y r id in eca rb o x a ld eh y d e  ( 1 .0 7  g» 10.0  mmol) in  benzene 
were re f lu x e d  u t i l i z i n g  a S o x le t  e x t r a c t o r  equipped w ith  a  ca lc ium  
h y d r i d e - f i l l e d  th im b le .  While r e f lu x in g  a  few h o u rs ,  d icyc lohexylam ine
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(1 .81  g , 10.0 mmol) was added s low ly .  E v ap o ra tio n  to  d ryness  and t r i ­
t u r a t i o n  w ith  e t h e r  gave 1 .76  g ( 58$) o f  3”h y d r o x y - l ,2- d ip h e n y l - 3- 
(2 -p y r id y l)p ro p a n o n e  (JJ34): nip 1 4 9 -5 -1 5 0 .5 ° ;  nmr (CDCl3 ) 6 3 . 5 0 -4 .38
(-0H, s ,  1H), 5 .24  (pyr-CH -, d ,  J  = 5 Hz, 1 h ) , 5 .59  (Ph-CH-, d ,  J  =
5 Hz, 1H), 6 . 9O-7 .56  (arom-H, m, l l H ) , 7 -7 3 -8 .0 3  (o-Bz-H, m, 2H ), 
8 . 38- 8 . 6O (6-py r-H , m, 1H); i r ( n u j o l )  3 I1OO-3OOO (b ro ad ,  OH), 1675 
(C=0), 1600, 1294, 1062, and 705 cm"1.
A n a l. Calcd f o r  C2oH17N02 : C, 79-18 ; H, 5 . 65 ; N, 4 .62 .
Found: c ,  79-25; H, 5 . 59; N, 4 . 58 .
Chromatography o f  the  mother l i q u o r  on s i l i c a  g e l  u s in g  
cy c lo h e x a n e -e th y l  a c e t a t e  (6 7 : 33 ) gave an a d d i t i o n a l  390 mg ( 13$) o f  
lj34: (mp 145-148°) and 4 to  mg (1 4 .5 $ )  o f  18^: mp ~  I 3O0 ; nmr (CDCl3 )
6 3 .8 1 -4 .4 8  (-0H, s ,  1H), 5.18  (pyr-CH, d ,  j  = 7 .5  Hz, 1H), 5 .46  
(Ph-CH, d ,  J  = 7 .5  Hz, 1H), 6 .6 9 -7 .5 2  (arom-H, m, llH), 7 -7 6 -8 .0 8  (o- 
Bz-H, m, 2H ), 8 .3 4 -8 .5 7  (6 -py r-H , m, 1h ).  T h is  l a t t e r  isomer could  
no t be o b ta in ed  in  pu re  form.
Thermal E q u i l i b r a t i o n  o f  183. A benzene s o l u t i o n  o f  183 showed*  1 1   .
no change a f t e r  I 5 hours  a t  85° ;  t h e r e f o r e ,  i t  was se a le d  in  a tube 
and h ea ted  a t  160° f o r  30 m in u te s .  A f te r  c o o l in g ,  th e  m ix tu re  was 
chromatographed on s i l i c a  g e l  e l u t i n g  w ith  c y c lo h e x a n e -e th y l  a c e t a t e  
(80 : 20 ) to  g iv e  s t a r t i n g  m a te r ia l  and 116 mg (26$) o f  crude isomer 
186: nmr (CDCl3 ) 6 0 .8 7 -1 -5 5  ( 3 ,4 ,5 -p ip -H ,  m, 6h ) , 1 .7 3 -2 .9 3  (2 ,6 -
p ip -H , m, 4H), 4 .66  (pyr-CH, d , J  = 10 .5  Hz, 1H), 5.83  (Ph-CH, d ,
J  = 10 .5  Hz, 1H), 6 .7 0 -7 .6 2  (arom-H, m, l l H ) , 7 .7 7 -8 .1 1  (o-Bz-H, m,
2H ), 8 .4 5 -8 .6 3  (6 -py r-H , m, lH ) .
This  isom er was n o t  p u r i f i e d  f u r t h e r .
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C ondensation o f  (y -( ll-N itrophenyl)acetophenone w ith  Itenzaldehyde 
in  the  P resence  o f  Benzoic Acid v i a  Method A. Crude benzaldehyde ( i . e .  
c o n ta in in g  benzo ic  a c id )  was condensed w ith  o - ( l* -n i t ro p h e n y l)a c e to -  
phenone as  d e sc r ib e d  above. However, th e  t h e o r e t i c a l  amount o f  w a te r  
was c o l l e c t e d  w i th in  1 h o u r . R eflux  was con tinued  f o r  an a d d i t io n a l  
hour th en  th e  m ix tu re  was coo led  and c o n c e n tra te d  JLn vacuo . The 
r e s id u e  was r e c r y s t a l l i z e d  from benzene-cyclohexane to  a f f o r d  c r y s t a l s  
o f  bo th  isom ers .  S e p a ra t io n  o f  th e  low m e l t in g  Z-isom er was e a s i l y  
ach ieved  by s e l e c t i v e  s o lu t i o n  in  warm 95$ e th a n o l .
(E ) - l8 1 :  6 2 . 3$; mp I 85- I 86 . 50 ( l i t . 118 mp 188-189°);  nmr
(CDCI3 ) 5 6 .8 5 -7 .5 5  (arom-H and v in y l-H ,  m, l l H ) , 7 -3 5 -8 .1 0  (o-Bz-H, 
m, 2H ), 8.10-8.1*5 (o-N02C6H4-H, ra, 2H); o th e r  d a ta  a re  i n  Table V II.
(Z)-181: 2 5 . 2$; mp I 35- I 360 ( l i t . 118 mp I 3 5 . 5- I 360 ) ;  nmr
(CDCI3 ) 6 7 .0 0 -7 .7 8  (arom-H and v in y l-H ,  m, l l H ) , 7 . 86- 8 .35  (o-Bz-H 
and o-N02C6H4-H, m, 1*H); o th e r  d a ta  a r e  in  Table V II .
P h o to is o m e r iz a t io n  o f  Z to  E Iso m ers . 118 A 0 .01  M s o lu t i o n  of 
each (z ) -178 , ( z ) - 180 , and ( z ) - l82 i n  dry benzene were f lu sh e d  w e ll  w ith  
argon and a llow ed to  s ta n d  in  d i r e c t  s u n l ig h t  f o r  l*-6 h o u rs .  Evapora­
t i o n  o f  th e  s o lv e n t  jin vacuo and chromatography ( p i c ,  2 mm) gave 25- 
35$ th e  r e s p e c t iv e  E - iso m ers ,  w ith  th e  ex ce p tio n  o f  compound 
which cou ld  no t  be s e p a ra te d .
(e ) -1 8 0 :  nmr (CDC13 ) 6 6 .1*0-7-75 (arom-H and v in y l-H ,  m, 12H),
7 .7 5 -8 .1 1  (o-Bz-H, m, 2H ), 8.55-8.81* (6-p y r-H ,  m, 1h) .
A n a l. Calcd f o r  C2oH15N0 : C, 81*. 18; H, 5 -30; N, 1*.91.
Found: c ,  83 .8 1 ;  H, 5 . 17; N, 1*.79.
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(E )-182: nmr (CDCl3 ) 6 6 .79-7*82 (arom-H and v ln y l-H ,  m,
10H), 7*82-8.15 (o-Bz-H, m, 2H ), 8 .4 4 -8 .7 4  (6 -py r-H , m, 2H).
A n a l . Calcd f o r  C19H14N^O: C, 79*70; H, 4 .9 5 ;  N, 9*79* A
s u i t a b l e  a n a ly s i s  cou ld  no t be o b ta in e d .
A 4 .5  x 10"3 M benzene s o lu t i o n  o f  e th y l  ( z ) - l , 2- d i ( 2- 
p y r id y l )a c ry la te ,  (z)-l/(2, was a llow ed to  s tan d  i n  s u n l ig h t  under an 
i n e r t  a tm osphere f o r  4 days . The s o lv e n t  was removed and th e  re s id u e  
chromatographed to  a f f o r d  ( 88$) e th y l  ( E ) - l , 2 - d i ( 2 - p y r i d y l ) a c r y l a t e  
(E )-1^2 : bp I 29- I 520 (0 .6 m m ).
2 -C h lo ro m eth y lp y rid in e  (20 ) . 13>14 2 -M eth y lp y rid in e  N-oxide (10 .9  g , 
0 .1  mol) and b e n z e n e s u lfo n y lc h lo r id e  ( 1 7 .7  8 » 0 .1  mol) in  I 50 ml of 
benzene were re f lu x e d  f o r  1 .5  h o u rs .  A f te r  a l lo w in g  to  coo l to  room 
te m p e ra tu re ,  th e  m ix tu re  was e x t r a c te d  w ith  5$ h y d ro c h lo r ic  a c id .  The 
a c id ic  s o lu t i o n  was b a s i f i e d  and e x t r a c te d  w ith  e t h e r  and ch lo ro fo rm .
The combined o rg an ic  e x t r a c t s  were washed w ith  w a te r ,  d r ie d  over sodium 
s u l f a t e ,  and c o n c e n tra te d  Jri vacuo . The r e s id u a l  o i l  was d i s s o lv e d  in  
e th y l  a c e t a t e  and r a p id ly  f i l t e r e d  th rough  a sm all column o f  s i l i c a  g e l
to  e f f e c t  d e c o l o r i z a t lo n .  The so lv e n t  was removed to  a f f o r d  5*27 g 
(26$) o f  20: nmr (CDCl3 ) 6 4 .67  (CH2C1, s ,  2H), 7 . 0 - 7 .9  (pyr-H , m,
5H), 8 . 5 - 8 . 7  (6-py r-H , m, 1H).
T h is  compound i s  known to  be u n s ta b l e ;  th e r e f o r e  i t  was r e ­
a c te d  im m ediately  w ith o u t  f u r t h e r  p u r i f i c a t i o n .
2 -P y ridy lm ethy ltr ipheny lphosphon ium  c h l o r i d e  (1 8 7 ) .  2-C hlorom ethyl- 
p y r id ln e  (5*27 g ,  2 5 .7  mmol) and t r ip h e n y lp h o s p h in e  ( 6 .71  g ,  2 5 .5  mmol) 
i n  55 ml o f  DMF were r e f lu x e d  f o r  J h o u rs .  A f te r  a l lo w in g  th e  m ix tu re  
to  s t i r  o v e rn ig h t ,  d i l u t i o n  w ith  e t h e r  a f fo rd e d  6 .7 5  g ( 68$) o f  th e  phos- 
phonlum s a l t :  mp 272- 275° ( d ) .
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t r a n s " l ,g - D i r 2 - ( 6 - m e th y lp y r ld y l ) ] e th e n e  (120 ) .  A m ix tu re  o f  6- 
m e th y l-2-p y r id in eca rb o x a ld eh y d e  (100 g ,  0 .8 2 6  m o l) ,  r e d i s t i l l e d  2 , 6- 
d im e th y lp y r id in e  ( 1*00 m l, 3*5 m o l) ,  and a c e t i c  anhydride  (150 m l, 1 .6  
mol) was r e f lu x e d  f o r  4 h o u rs .  The v o l a t i l e  m a te r i a l s  were removed in  
vacuo and the  r e s id u e  was d i s t i l l e d  a f fo rd in g  th e  crude o l e f i n :  bp
I 55- I 650 (1 mm). R e c r y s t a l l i z a t i o n  from benzene-cyclohexane gave 75 g 
( 1*3 $) o f  th e  c o l o r l e s s  c r y s t a l l i n e  o l e f i n :  mp IO9 . 5- I H . 50 ( l i t . 43 mp
111-113°); nmr (CDCl3 ) 6 2 . 5I* (6 -p y r-CH^, s ,  6 h ) , 6 . 8 - J . 8  (pyr-H and 
v in y l-H  a t  6 7 .6 7 ,  m, 8 h ) ;  i r ( n u j o l )  I 588 , I 569 , I 255 , 9 7 9 , and 799 
cm- 1 ; uv (MeOH) 3 I 8 (29 ,100) and 261* nm (9 ,7 5 0 ) .
The r e s id u e  from th e  above vacuum d i s t i l l a t i o n  a f fo rd e d ,  upon 
c r y s t a l l i z a t i o n  from benzene ,  3 .0  g (2$) o f  t r a n s , t r a n s - 2 , 6- d i [ 2- ( 2- ( 6- 
m e th y lp y r id y l) )v in y l]p y r id in e  (Q%): mp I 32- I 350 .
P h o to is o m e r iz a t io n  o f  t r a n s -  to  c i s - 1 .2 - D i [ 2 - (6 - m e th y lp y r id y l ) l | - 
e th en e  (188).  J t ra n s -1 ,2 -D i[2 - (6 -m e th y lp y r id y l ) ] e th e n e  (0 .3 7 8  g ,  1 .8  
mmol) was d i s s o lv e d  in  300 ml benzene in  a  pyrex v e s s e l  and f lu sh ed  
w e ll  w ith  n i t r o g e n .  The s to p p ered  f l a s k  was allow ed to  s tan d  in  sun­
l i g h t  f o r  6 hours o r  under sunlamp f o r  11* h o u rs .  S o lven t was removed 
in  vacuo . The re s id u e  was chromatographed ( p i c ,  2mm, 3X, 25$  e th y l  
a c e ta te -c y c lo h e x a n e )  to  g iv e  191 mg ( 51$) o f  th e  t r a n s - iso m er  (R^ =
. 1*9 ) and 61* mg ( 17$) o f  th e  c i s - iso m e r:  bp 98- 101°  (0-5  mm); R^ = . 10 ;
nmr (CDCl3 ) 6 2 . 5O (pyr-CH^. s ,  6 h ) , 6 .81 (v in y l -H ,  s ,  2H), 6 . 8 I - 7 .65  
(pyr-H , m, 6 h ) ;  i r ( n e a t )  I 588 , 1570, 11*53, 1375, U 5 7 ,  109k,  980 , 837, 
and 801 cm"1; uv (MeOH) 211 (11,81*0) and 296 nm (1 0 ,2 0 0 ) .
A na l. Calcd. f o r  Ca4H i4N2 : C, 79 .96 ;  H, 6 .7 1 .  Found: C, 
7 9 .76 ; H, 6 . 85 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
78
S im i la r ly ,  a 5 x 10“3 M s o lu t i o n  in  s u n l ig h t  f o r  3 days a f ­
fo rded  (46$) th e  c i s - i s o m e r .
P h o to iso m e r iz a t io n  o f  t r a n s . t r a n s - 2 . 6 - P i [ 2 - ( 2 - (6 -m e th y lp y r id y l ) ) -  
v in y l J p y r id in e  (8 9 ) .  In  an a t tem p t to  o b ta in  o th e r  isom ers ,  th e  
t r a n s , t r a n s - iso m er  ( 5IO mg, I .63  mmol) was d is s o lv e d  in  450 ml benzene 
and f luxhed  w e ll  w ith  n i t r o g e n .  A f te r  i r r a d i a t i o n  by sunlamp a t  1*0° 
f o r  25 h o u rs ,  th e  s o lv e n t  was removed in  vacuo . Chromatography ( p i c ,  
2 mm, 3X, 25$ e th y l  a c e ta te -c y c lo h e x a n e )  a f fo rd e d  11+6 mg (29$) o f  
t r a n s , t r a n s - iso m e r:  == . 55 , mp 131- 133°* a sm all  amount o f  an un­
i d e n t i f i e d  compound (R^ «= . 33 ) showing an anomolous s i n g l e t  in  nmr 
spectrum  a t  6 5.1 as w e ll  a s  h a l f  the  methyl resonance  s h i f t e d  u p f l e l d ,  
j-.je. 6 2 . 3 i and a crude  isomer m ix tu re  (R^ « . 27 ) ,  impure w ith  p rev io u s  
compound, t h a t  d e f i n i t e l y  co n ta in e d  some c i s - o l e f i n i c  f u n c t io n ,  . i . e .  
s i n g l e t  in  nmr spectrum  a t  6 6 . 8 5 .
t r a n s - 1 , 2 - D i f 2 - ( 6-ace toxym ethy lpy ridy l)]e thene  (12 2 ) .  In  a p roce­
dure s i m i l a r  to  t h a t  o f  Baker, e t  a l . , 43 t r a n s - 1 , 2 - d i [ 2 - ( 6-m ethy l-  
py ridy l)]e thene  (64 .8  g ,  308*5 mmol) in  400 ml g l a c i a l  a c e t i c  a c id  w ith  
30$ aqueous hydrogen p e ro x id e  (60  m l, O.53  niol) was h ea ted  a t  c a .  80° 
f o r  3 h o u rs .  A d d i t io n a l  hydrogen p erox ide  (42 m l,  0 .3 7  mol) was added 
and th e  r e a c t io n  was m a in ta ined  a n o th e r  9 hours w ith  s t i r r i n g  a t  80°. 
The m ix tu re  was c o n c e n tra te d  j j i  vacuo to  h a lf -v o lu m e ,  an equal amount 
o f  w ate r  added, and a g a in  c o n c e n t ra te d .
C au t io n ; T h is  m ix tu re  i s  m ild ly  la c h ra m a to ry , d e r m a ta c t ic ,  and s t e r ­
n u ta t i v e !
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The r e s id u a l  s o l id  (c a .  110 g o f  c rude  iN-oxide) was suspended 
in  a m ix tu re  o f  I 50 ml a c e t i c  anhydride  and 100 ml DME and added drop- 
w ise w ith  s t i r r i n g  to  300 ml a c e t i c  anhydride  under n i t r o g e n  a t  108° 
over 30 m in u tes .  C ond it ions  were m a in ta ined  f o r  18 hours b e fo re  th e  
m ix tu re  was c o n c e n tra te d  _in vacuo . The r e s id u e  was r e c r y s t a l l i z e d  from 
95# e th a n o l  ( c h a rc o a l )  to  a f f o r d  J l . l  g (31#) o f  122: mp l j j - l j h 0
( l i t . 43 mp 133-1340 ) ;  nmr (CDC13 ) 6 2 .1 6  (COCH3 , s ,  6H ), 5 .24  (p y r - CHP~ 
0 , s ,  4 h ) , 7 .1 - 8 .0  (pyr-H and v in y l-H  a t  6 7 . 6 5 , m, 8h ) ;  i r ( n u j o l )
1730 (C=0, e s t e r ) ,  I 585 , I 57O, 1245, 1060, 962, and 798 cm- 1 .
t r a n s - 1 , 2 - D i [ 2 - ( 6-h y d ro x y m e th y lp y r id y l) ]e th e n e  (1 2 3 ) . S im i la r  to  
th e  method o f  B aker, e t  a l . , 43 122 (26 .5  g> 81 .3  mmol) i n  1)00 ml con- 
c e n t r a t e d  h y d ro c h lo r ic  a c id  was re f lu x e d  10 h o u rs .  While c o o l in g  and 
v ig ro u s ly  s t i r r i n g ,  th e  s o lu t i o n  was s low ly made b a s ic  by a d d i t i o n  o f  
a 40# sodium hydrox ide  s o lu t i o n .  Once b a s i c ,  th e  coo led  m ix tu re  was 
allow ed to  s ta n d  f o r  30 m in u tes .  The p r e c i p i t a t e  was c o l l e c t e d ,  washed 
w ith  w a te r ,  and r e c r y s t a l l i z e d  from 95#  e th a n o l  to  a f f o r d  11 .5  g ( 58*7#) 
of 12^: mp 139-141° ( l i t . 43 mp 142-144°);  nmr (CDCl3 ) 6 5 .15  ("OH,
broad s ,  2H ), 4.80 ( p y r - CHgO, s ,  4H), J . 0 - J . 9  (pyr-H and v in y l-H  a t  6 
7 .7 2 ,  m, 8H ), i r ( n u j o l )  3IOO ( -0 H ),  I 58O, 1760, I 3 2 5 , I I 50 , 1080,
1020, 789 , and 732 cm-1; uv (MeOH) 3 I 8 (25 ,800) and 264 nm (8 ,4 9 0 ) .
The mother l i q u o r  from th e  r e c r y s t a l l i z a t i o n  and th e  aqueous 
f i l t r a t e  were combined and c o n c e n tra te d  to  d ry n e s s .  The o rg a n ic  m a te r ia l  
was s e p a ra te d  from th e  r e s id u a l  s o l id s  by b o i l i n g  w ith  a  la rg e  volume o f  
ch lo ro fo rm . C o n cen tra t io n  o f  th e  f i l t e r e d  ch lo ro fo rm  e x t r a c t  and d i l u ­
t i o n  w ith  pe tro leum  e th e r-A  fu rn is h e d  a d d i t i o n a l  q u a n t i t i e s  [ 7 .6  g ,  
(38.8 # ) ]  o f  12£.
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t r a n s - 1 t2 -D i[2 - (6 -c h lo ro m e th y lp y r id y l ) ] e th e n e  (18*?) • t r a n s -
l ,2 -D i [2 - (6 -h y d ro x y m e th y lp y r id y l) ] e th e n e  ( 4 . 8*1 g ,  20 mmol) in  100 ml 
ch lo ro fo rm  was brought to  r e f l u x  under n itrogen .^  Thionyl c h lo r id e  
(8  m l, 112 mmol) in  15 ml ch loroform  was added s low ly . A f te r  th e  
a d d i t i o n  was com ple te ,  r e f l u x  was con t inued  f o r  34 h o u rs .  S o lven t and 
excess  th io n y l  c h lo r id e  were removed jjn vacuo . The re s id u e  was su s ­
pended in  10$ sodium ca rb o n a te  s o lu t i o n  and e x t r a c te d  w ith  ch lo ro fo rm . 
The combined ch lo ro fo rm  e x t r a c t s  were d r ie d  over sodium s u l f a t e  and 
ev ap o ra ted  to  d ry n e ss .  The re s id u e  was r e c r y s t a l l i z e d  from ch loroform - 
pe tro leum  e th e r -C  to  g iv e  4 .62  g ( 83$) o f  10%: mp I 53- I 540 ; nmr (CDC13 )
6 4 .69 ( p y r - CHa-. s. 4 h ) . 7 .2 -7 .9  (pyr~H and v in y l-H  a t  6 7 . 6 6 , m, 8h ) ;  
i r ( n u j o l )  I 582 , 984, 824, 740, and 721 cm"1; uv (MeOH) 3 I 7 (28 ,600) 
and 269 nm ( 12 , 850) .
A na l. Calcd f o r  Ca 4HI 2N2C l2 : C, 6 0 .2 1 ;  H, 4 .3 3 ;  N> 10 .0 3 .
Found: c, 59-97; H, 4. 43; N, 9 -99-
c i a - 1  T2 -D ir2 - (6 -c h lo ro m e th y lp y r id y l)^ th e n e  (lj?0) • A benzene 
s o lu t i o n  o f  t r a n s - 1 , 2- d i [ 2- ( 6- c h lo ro m e th y lp y r id y l ) ] e th e n e  was isom er- 
iz e d  pho tochem ica lly  under  an argon atmosphere as  fo l lo w s :
M o la r i ty  hv Source Time $ Y ie ld
6 .8  x 10"3 Sunlamp 20 .0  hours 21
3 .6  x 10"3 Sunlamp 10.5 hours 24
3 .6  x 10“3 S u n l ig h t  2 days 54
S e p a ra t io n  o f  isomers was ach ieved  on <  300 mg q u a n t i t i e s  by p ic  [33$ 
e th y l  a c e ta te -c y c lo h e x a n e :  R ^ ( t ra n s )  = . 50 , R ^ (c is )  * . 3 0 , and R^
(im purity ) = .2 4 ] .  S e p a ra t io n s  o f  l a r g e r  s c a le  were e f f e c t e d  by column
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chromatography on s i l i c a  ge l  u s ing  benzene to  e lu d e  a l l  th e  t r a n s  
Isomer. Then e t h y l  a c e t a t e  qu ick ly  e luded  a m ix tu re  o f  predom inan tly  
e l s  Isomer: , nmr (CDC13 ) 6 k .56 ( p y r -CHP- . s ,  ItH), 6.81» (v iny l4H , s ,  
2H), 7 .1 0 -7 .8 5  (pyr-H , m, 6h).
T h is  e l s  isomer could  no t  be o b ta in ed  in  g r e a t e r  p u r i t y  than
c a . 90$.
t r a n s - l , 2 - D i ( 2 - p y r i d y l ) e t h e n e  (4 2 ) . 138 2 -M eth y lp y rid ln e  (85  g ,  
0 . 91^ m o l) ,  3* p y r id in eca rb o x a ld eh y d e  (i|0 g ,  0 .3 7 ^  m o l) ,  and a c e t i c  
anhydride  (IjO g ,  0 .3 9 2  mol) were re f lu x e d  Ik  h o u rs .  Excess re a g e n ts  
were removed _ln vacuo . The r e s id u e  was suspended In  benzene , f i l t e r e d  
through s i l i c a  g e l ,  and f i n a l l y  e lu te d  w ith  e th y l  a c e t a t e .  E vapo ra tion  
o f  th e  s o lv e n t s  p rov ided  2 5 .9  g (38$) o f  c rude  m a t e r i a l .  R e c r y s t a l l i ­
z a t i o n  from e t h e r  a f fo rd e d  lU .9  g (22$) o f  pu re  o l e f i n :  mp 118-122°
( l i t . 138 mp 118-119°);  nmr (CDC13 ) 6 6 .9 5 -7 -9 0  (pyr-H , m, 6H), 7-70 
(v in y l-H ,  s ,  2H), 8 .50-8 .75  (6 -pyr-H , m, 2H); i r ( n u j o l )  1575, 1555,
1310, 977, 789, and 7M  cm"1; uv (MeOH) 313 (2 5 ,9 0 0 ) ,  263 ( 1 2 , 7 ^ ) ,  and 
216 nm (9 ,3 5 0 ) .
1 .2 -D ib ro m o - l .2 -d i (2 -p y r id y l ) e th a n e  (192 ) . 139 Bromine (1 0 .7  g>
67 mmol) i n  g l a c i a l  a c e t i c  a c id  (5  ml) was added dropw lse to  t r a n s - 1 ,2- 
d i ( 2- p y r id y l ) e th e n e  ( 12.1  g ,  67 mmol) in  g l a c i a l  a c e t i c  a c id  (17  m l) .  
A f te r  a l lo w in g  to  c o o l ,  1 0 .7  g (^7$) ° f  th e  d ibrom ide was f i l t e r e d  and 
washed w ith  m e thano l,  mp 159-160° ( l i t . 138 mp 153-15^°)» n ^ t  (CDC13 )
6 5.96  (pyr-CH -, s ,  2H ), 7 .1 0 -7 -9 5  (pyr-H , m, 6h) , 8 . 60- 8 .8 5  (6-py r-H , 
m, 2H); i r ( n u j o l )  I 585 , I 565 , I U 5 , 993, 788 , and 7h9 cm- 1 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
P i (2 -p y r id y l ) a c e ty le n e  (1^ 3 ) .  1 , 2 -D ib ro m o - l ,2 -d i (2 -p y r id y l )e th a n e
(6 .91  g ,  2 0 .2  mmol) was added In  sm all p o r t i o n s  t o  a r e f lu x in g  e th a n o l  
s o lu t i o n  o f  po tass ium  hydrox ide  (5*7 g> 102 mmol). A f te r  th e  a d d i t io n  
was com ple te ,  r e f l u x  was co n t in u ed  f o r  an a d d i t i o n a l  30 m in u te s .  A f te r  
c o o l in g ,  th e  po tass ium  bromide was removed by f i l t r a t i o n .  The s o lv e n t  
was removed jln vacuo , and th e  r e s id u e  was suspended In  w a te r  and ex­
t r a c t e d  w ith  e t h e r .  The e t h e r  l a y e r  was d r ie d  over sodium s u l f a t e ,  
e v a p o ra te d ,  and the  r e s id u e  r e c r y s t a l l i z e d  from pe tro leum  e th e r -A ,  
a f f o r d in g  3*58 g (93$) o f  th e  a c e ty le n e  mp 69- 7I 0 ( l i t . 139 mp
6 9 -7 0 ° ) ;  nmr (CDCl3 ) 6 7 .1 - 7 .5  (pyr-H , m, 2H), 7 .5 0 -  7*95 (pyr-H , m, 1|H), 
8 .5 5 -8 .7 5  ( 6-py r-H , m, 2H); i r ( n u j o l )  I 575 , I 55O, 9 8 7 , 802, and TJk cm- 1 : 
uv (MeOH) 307 (2 2 ,2 0 0 ) ,  298 (2 3 , 500) ,  290 (2 2 ,5 0 0 ) ,  and 257 nm (1 3 ,2 0 0 ) .
2 - (H -P heny lfo rm im ldoy l)pyrid lne  (ff iO  « 2 -P y r ld in e ca rb o x a ld e h y d e  
(53 .5  g ,  0 .5  mol) was s t i r r e d  w ith  a n i l i n e  (46*5 g ,  0 .5  mol) f o r  I 5 
m inutes and poured i n t o  80 ml of 95$ e th a n o l .  S ince  c r y s t a l l i z a t i o n  
cou ld  no t  be induced , th e  s o lv e n t  was removed in  vacuo . Water was 
tho rough ly  removed by a z e o t ro p ic  d i s t i l l a t i o n  w ith  benzene f o r  a s h o r t  
p e r io d .  F r a c t i o n a l  d i s t i l l a t i o n  a f fo rd e d  87-7 g (97$) o f  ye l low  o i l ,  
bp IO5- 107° (0 .2  mm) [ l i t . 138 bp I 650 (13 mm)]. R e c r y s t a l l i z a t i o n  
from pe tro leum  e th e r-A  gave 8 2 .2  g (91$) o f  a p a le  ye llow  s o l i d :  mp
3 8 .5 -3 9 .5 0 ( l i t . 140 mp 3 8 .5 ° ) ;  nmr (CDC13 ) 6 6 .90-7*75  (arom-H, m, 8h ) , 
8 .0 0 -8 .2 5  (6-py r-H , m, 1H), 8 .5 8  (v in y l-H ,  s ,  1H); I r ( n u j o l )  1620 (C=N), 
I 58O, I 55O, 9 8 8 , 782, 738, and 686 cm"1 ; uv (MeOH) 283 (9 ,030) and 
277 nm (1 1 ,5 7 0 ) .
( E ) - l , 2 - D i a n i l i n o - l , 2 - d i ( 2 - p y r i d y l ) e t h e n e  (195)* 2-(N -Phenyl-  
fo rm im ld o y l)p y rid in e  (1 .8 2  g ,  10 mmol) was s t i r r e d  in  DMF (50 ml) under
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a n i t r o g e n  a tm osphere . P o tass ium  cyan ide  (0 .1 0  g ,  1 .5 ^  mmol) was i n ­
troduced  and th e  m ix tu re  s t i r r e d  a t  room te m p era tu re  f o r  1 h ou r .  The 
m ix tu re  was poured in to  w a te r  (200 ml) and co o led .  The b r i g h t  yellow  
p r e c i p i t a t e  l g £  was removed by f i l t r a t i o n  and d r ie d  under reduced p r e s ­
su re  a f f o r d in g  (91$) I .65  g: mp ~  220° ( d ) .  R e c r y s t a l l i z a t i o n  from
chloroform -m ethanol a f fo rd e d  1 .1  g of pu re  1̂ :  mp 227- 255°  (d ) ;
i r ( n u j o l )  3 I 9O ( s h a rp ,  N-H), I 59O, I 5OO, I 3O5 , 1265 , 790 , 7*t8, 7^3, and 
697 cm- 1 . This  m a te r i a l  i s  too  in s o lu b l e  in  a l l  s o lv e n t s  t r i e d  to  en­
a b le  a  s u i t a b l e  nmr spectrum  to  be o b ta in e d .  The compound r e a c t s  w ith  
a c id s  (even a c e t i c  a c id )  to  form a dark  red  s o l u t i o n ,  b u t  l £ £  i s  r e ­
covered unchanged upon n e u t r a l i z a t i o n .
A n a l . Calcd f o r  C^HsoN,*: C, 79-09; H, 5 . 53 ; N, I 5 . 3 8 .
Found: c, 78 . 3 I ;  H, 5 . 1*7 ; n ,  I 5 . 2 3 .
cv-Pyrone (196 ) was p repared  from m alic  a c id  i n  two s t e p s ,  accord ­
ing to  p u b lish e d  p ro c e d u re s . 141’ 142
1 ,2 -D i(2 -p y r id y l)b e n z e n e  (1J27 ) .  D i (2 -P y r id y l ) a c e ty le n e  (25O mg,
1.39  mmol), a -p y ro n e  (220 mg, 2 .2 9  mmol), and n i t ro b e n z e n e  (5  ml) 
were h ea ted  (sand b a th )  a t  220-250° f o r  9 h o u rs .  The m ix tu re  was co o led ,  
suspended in  e t h e r  and e x t r a c te d  w ith  5$  h y d ro c h lo r ic  a c id .  A c id ic  ex­
t r a c t s  were b a s l f i e d  w ith  sodium ca rb o n a te  and e x t r a c te d  w ith  c h lo ro ­
form. The ch lo ro fo rm  l a y e r  was d r ie d  over sodium s u l f a t e  and concen­
t r a t e d  in  vacuo . Chromatography ( p i c ,  2 mm) o f  th e  r e s id u e  u s in g  50$ 
e th y l  a c e t a t e  in  cyclohexane a f fo rd e d  53 mg (21$) o f  u n re a c te d  a c e ty le n e  
(Rf  = .15) and 171 mg ( 53$) o f  l g £  (Rf  = . 3 3 ) .  R e c r y s t a l l i z a t i o n  from 
pe tro leum  e th e r -B  fu rn is h e d  c o l o r l e s s  f l a k e s :  mp I 23- I 2 3 . 50 ; nmr (CDCl3 )
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6 6 . 8 -8 .0  (arom-H, m, 10H), 8 . 5 - 8 .8  (6 -p y r-H , m, 2H); i r ( n u j o l )  I 58O, 
1555, U U ,  I U 15, Y99, 757, and 7^9 cm"1.
A n a l . Calcd f o r  C16H12N2 : C, 82 .7 3 ;  H, 5 .2 1 ; N, 12 .06 .
Found: C, 8 5 . I 6 ; H, 5 .O8 ; N, 12 .0 5 .
B rom ination o f  t r a n s - 1 . 2 - D i [ 2 - ( 6- in e th y lp y r id y l  ) ] e th e n e . To a 
s t i r r e d  su sp en sio n  o f  t r a n s - 1 ,2- d i [ 2- ( 6 - m e th y lp y r id y l ) ] e th e n e  ( 11 .5  g ,  
5O.5  mmol) in  25 ml g l a c i a l  a c e t i c  a c i d ,  a s o lu t i o n  o f  bromine ( 8 .8  g ,  
55 mmol) in  5 ml a c e t i c  a c id  was added dropwise o v er  1 h o u r .  During 
th e  a d d i t i o n ,  th e  crude dibrom ide 1^8 s low ly c r y s t a l l i z e d  and was 
s t i r r e d  o v e rn ig h t :  15 -15 g (8 1 $ ) ;  mP ^  185° ( d ) .  R e c r y s t a l l i z a t i o n
from e th a n o l  In c rea sed  th e  m e l t in g  p o in t  to  203°  (J), l i t . 43 mp I 9 I1- 
I 960 . Chloroform could  a l s o  be used as s o lv e n t  a f f o r d in g  a  c rude 
p roduc t:  mp 195°  ( d ) .
P i [ 2 - ( 6 - m e th y lp y r id y l ) ] a c e ty le n e  (19%).143 To a ho t  s o lu t i o n  (70°) 
of po tass ium  hydrox ide  ( 6 .0  g ,  107 mmol) i n  a b s o lu te  e th a n o l  (50 m l) ,  
the  above s o l id  dibrom ide (2 .0  g ,  5*^ mmol) was r a p id ly  added in  50 mg 
(o r  l e s s )  q u a n t i t i e s .  P o tassium  bromide in s ta n ta n e o u s ly  p r e c i p i t a t e d .
The su spension  was re f lu x e d  f o r  an a d d i t i o n a l  30 m in u te s ,  th e n  th e  s o l ­
ven t was removed JLn vacuo. The r e s id u e  was d is s o lv e d  in  i c e  w a te r  and 
th e  o rg an ic  m a te r ia l  e x t r a c te d  w ith  e t h e r .  The e t h e r  l a y e r  was washed 
w ith  a  s a tu r a t e d  s a l t  s o l u t i o n ,  d r ie d  w ith  sodium s u l f a t e ,  and concen­
t r a t e d  to  a f f o r d  th e  crude a c e ty le n e .  R e c r y s t a l l i z a t i o n  from c y c lo -  
hexane gave 1 .10  g (98$) o f  th e  w h ite  c r y s t a l l i n e  a c e ty le n e  mp
133-135°; nmr (CDCl3 ) 6 2 .5 6  (6 -py r-C ft , .  s ,  6H ), 6 .9 6 -7 -7 5  (pyr-H , m, 
6H); i r ( n u j o l )  I 59O, I 565 , I I 5 5 , 1080, 9 9 0 , and 793 cm- 1 ; uv (MeOH)
313 (2 1 , 600) ,  304 (2 2 ,800) ,  297 (2 2 , 200) ,  and 256 nm ( 1 1 , 250) .
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A n al. Calcd f o r  C14H12N2 : C, 8 0 .7 4 ;  H, 5*81; N, 13-^5-
Found: C, 80 .4 5 ;  H, 5 . 78 ; N, I 3 . 35 .
1 .2-D l-f2-(6-m ethylpyridyl)]benzene (200) .  D i[2- (6 -m e th y lp y r id y l ) ] -
a c e ty le n e  (4 .51  g ,  2 1 .7  mmol), a-pyrone  (4 .5  g ,  46 .9  mmol), and c a .
50 mg o f  hydroquinone in  1*0 ml o -d ich lo ro b en zen e  (bp 178- 179° )  were 
r e f lu x e d  under n i t r o g e n  f o r  45 h o u rs .  A f te r  c o o l in g ,  th e  m ix tu re  was 
d i l u t e d  w ith  e t h e r  and e x t r a c t e d  w ith  5$ h y d ro c h lo r ic  a c i d .  A cid ic  
e x t r a c t s  were made b a s ic  w ith  s o l id  sodium ca rb o n a te  and e x t r a c te d  
w ith  ch lo ro fo rm . The ch lo ro fo rm  e x t r a c t  was d r ie d  over sodium s u l f a t e ,  
c o n c e n t r a te d ,  and vacuum d i s t i l l e d  to  a f f o r d  3*59 8 (60$) o f  200,: bp
I 5O -I7O0 (1 .3  mm). An a n a l y t i c a l  sample was o b ta in ed  by chromatography 
( p i c ,  2 mm) and th en  d i s t i l l e d :  bp 128-132° (0 .5  mm); nmr (CDCl3 )
6 2 .49  (6-pyr-CH3 , s ,  6H ), 6 .6 9 -7 -0 7  (arom-H, broad t ,  4H), 7-16- 
7-79 (py r-H , m, 6h ) ; i r ( n e a t )  I 58O, 1445, 1300, 1160, 9 98 , 802, and 
760 cm '1 .
A n a l . Calcd f o r  Cl a H16Na : C, 83-04 ; H, 6 .2 0 .  Found: C,
82 . 86 ; H, 6 .3 7 .
1 .2 -D ir2 -(6 -ca rbom ethoxypyridy l)1benzene  (201) .  l , 2 - D i [ 2 - ( 6 -  
m e th y lp y r id y l) ]b e n z e n e  ( 4 .89  g» 18 .8  mmol) and po tass ium  permanganate 
(5-3  S> 21 mmol) in  w a te r  ( l  Z)  were v ig o ro u s ly  s t i r r e d  a t  80° under 
n i t r o g e n  f o r  6 h o u rs .  A d d i t io n a l  po tass ium  permanganate (3 .3  g ,  21 
mmol) was in t ro d u c e d  p r i o r  to  each o f  t h r e e  subsequen t 6-h o u r  p e r io d s .  
The h o t  s o lu t i o n  was f i l t e r e d  th rough c e l i t e .  The c o o le d ,  c o l o r l e s s  
f i l t r a t e  was e x t r a c te d  w ith  e t h e r  to  remove unox ld ized  s t a r t i n g  
m a te r i a l  ( c a .  1 g ,  21$ ) .
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The aqueous l a y e r  was evapora ted  to  d ry n e s s .  R es id u a l  s o l i d s  
were suspended in  500 ml m e thano l,  s a tu r a t e d  w ith  hydrogen c h l o r i d e ,  
and r e f lu x e d  10 h o u rs .  A f te r  th e  so lv e n t  had been removed in  v a cu o , 
th e  r e s id u e  was suspended in  a d i l u t e  sodium c a rb o n a te  s o l u t i o n  and 
e x t r a c te d  w ith  ch lo ro fo rm . Chloroform e x t r a c t s  were d r ie d  o v er  sodium 
s u l f a t e  and c o n c e n t ra te d  j j i  vacuo . The r e s id u a l  e s t e r s  were p u r i f i e d  
by chromatography ( p i c ,  2 mm, 25$  e th y l  a c e ta te -c y c lo h e x a n e )  t o  a f fo rd  
an in s e p a ra b le  m ix tu re  o f  e s t e r s :  = . 30; 1.73 8 ( c a .  38$ ) .
F u r th e r  e l u t i o n  gave th e  d e s i r e d  1 , 2 - d i [ 2 - ( 6-carbom ethoxy- 
p y r id y l ) ]b e n z e n e  (201,): Rf  “  .1 8 ;  I .34  g (2 1 $ ) ;  mp 128-129° ( e th y l
a c e ta t e -p e t ro le u m  e th e r -A ) ;  nmr (CDC13 )6  3*91 (COpCHp. s ,  6H ), 7 . 0 - 8 .3 
(arom-H, m, 10H); i r ( n u j o l )  1700 (C=0, e s t e r ) ,  I 58O, 1440, 1320, 1280, 
1230, I I 3 5 , 1115, 988 , 83k, 783, 770, and 755 cm"1.
A n a l . C alcd . f o r  C2OH16N^04: C, 6 8 . 9 5 ; ^ -6 3 ;  N, 8 .0 4 .
Found: C, 6 8 . 67 ; H, 4 .6 2 ;  N, 8 .0 4 .
The amount o f  s t a r t i n g  m a te r i a l  recovered  and th e  com position  
o f  th e  rem ain ing  e s t e r s  v a r ie d  w ith  c o n d i t io n s  of r e a c t i o n  and p u r i t y  
o f  s t a r t i n g  m a t e r i a l .  With a l a rg e  excess o f  o x id a n t ,  f u r t h e r  o x id a ­
t i o n  o ccu rred  to  g iv e  m ethyl 2- [ 2- ( 6-carbom ethoxypyridy l)  ]b en zo a te  (204^): 
mp 9 0 -91° ;  nmr (CDC13 ) 6 3-70 (CftH„C0pCHp, s ,  3H ), 3 .9 6  (C^HpNCOpCHp, 
s > 3H), 7 . 3 - 8 .2  (arom-H, m, 7H). I f  ch ro m a to g rap h ica lly  pure  200, was 
o x id iz e d ,  1- [ 2- (6 -c a rb o m e th o x y p y r id y l ) ] -2- [2- (6 -m e th y lp y r id y l) ]b e n z e n e  
(202) cou ld  be i s o l a t e d :  nmr (CDCl3 ) 6 2 .45  ( - CHr>, s ,  3H ), 3-93
(COpCHr,, s ,  3H ), 7 .0 - 8 .3  (arom-H, m, 10H). However, o x id a t io n  o f  200,, 
which had been p u r i f i e d  by d i s t i l l a t i o n ,  a f fo rd e d  in  a d d i t io n  to  the  
above p ro d u c ts ,  1̂ ,  and m ethyl 2- ( 6-m e th y lp y r id y l ) c a rb o x y la te  (20^,): 
nmr (CDC13 ) 6 2 .6 3  (-CH3 , s ,  3H ), 3 .9 6  ( C O p C H p .  s ,  3H), c a .  7 -3 -8 .4  
(arom-H, m, 3H).
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1 .2 -D i f g - (6 -h y d roxym ethy lpy ridy l)]benzene  (<&%). l , 2 - D i [ 2 - ( 6 -
carbom ethoxypyridy l)]benzene  (921 mg, 2 .6 4  mmol) in  40 ml methanol 
was s t i r r e d  under n i t r o g e n .  Sodium b o rohydride  (568  mg, I 5 .O mmol) 
was added in  sm all p o r t io n s  over  30 m in u te s ,  th e n  th e  r e a c t i o n  was 
s t i r r e d  f o r  30 m in u te s ,  and f i n a l l y  re f lu x e d  o v e rn ig h t .  A f te r  c o o l in g  
to  room te m p e ra tu re ,  ace tone  (5  ml) was added and s t i r r e d  3 h o u rs .  
V o la t i l e  r e a g e n ts  were removed jLn vacuo and th e  re s id u e  t r e a t e d  w ith  
I 5 ml o f  10# sodium ca rb o n a te  s o lu t i o n  f o r  2 hours a t  100°. A f te r  
c o n c e n t r a t io n  to  d ry n e s s ,  th e  r e s id u e  was powdered and e x t r a c te d  w ith  
b o i l i n g  ch lo ro fo rm  (2 x I 50 m l) .  F i l t r a t i o n  o f  th e  ho t  e x t r a c t s  through 
c e l i t e  and c o n c e n t r a t io n  jLn vacuo a f fo rd e d  898 mg o f  th e  c rude  d io l :  
mp 179-184°. R e c r y s t a l l i z a t i o n  from 95$ e th a n o l  gave 200 mg (26$) o f  
th e  b e ig e  c r y s t a l l i n e  d i o l :  mp 198- 199 . 5° ;  nmr (DMS0-d6) 6 4 .44
(pyr-CH p-, s ,  4H), 5*28 (OH, s ,  2H), 6 .7 5 -7 .8 0  (arom-H, m, 10H); i r -  
(n u jo l )  3270 (b ro a d ,  OH), 1575, I 56O, 1295, H 6 0 ,  1100, IO5O, I0 3 0 ,
813, 807, 772, and 766 cm"1.
A s u i t a b l e  a n a l y s i s  could  no t be o b ta in e d  w ith  th e  sm all 
amount o f  m a te r i a l  a t  hand.
R eac tio n  o f  a -P h th a la ld e h y d e  w ith  A n i l i n e . o -P h th a la ld eh y d e  (6 .7  g , 
0 .0 5  mol) was s t i r r e d  i n  95$ e th a n o l  (20 m l) .  A n i l in e  (9 .8  g ,  0 .105  
mol) was added and s t i r r e d  b r i s k l y  f o r  10 min. An a d d i t i o n a l  25 ml of 
e th an o l  was I n t ro d u c e d , the  m ix tu re  hea ted  to  b o i l in g ,  and then  a l ­
lowed to  s tan d  a t  room tem p era tu re  f o r  3 h o u rs .  The p r e c i p i t a t e  was 
c o l l e c t e d  and r e c r y s t a l l i z e d  from b en ze n e-e th a n o l to  a f f o r d  2- p h e n y l -1- 
ph en y lim in o iso in d o len e  (2V£):  9*5 g (67$ ) ;  mp 146-148° ( l i t . 151 mp
I 5O -I530 ) ;  nmr (CDCl3 ) 6 4 .87  ( 3- i s o in d o le n e -H ,  s ,  2H), 6 . 45- 7 .65
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(arom-H, m, ll*H), 7*70-8.15 (o-arom-H, m, 2H); t r  (rvujol) 1660 
(C=N), I 585 , 1490, 1320, 1300, 1135 , 772, 756 , and 695 cm"1 .
2 ,6 -B l8 ( 2 ,2 -d ic a rb o e th o x y e th y l )p y r ld in e  (219) .  Small c h ip s  of 
sodium m e ta l  ( 2 .3  g ,  0 .1  mol) were p laced  In  35 ml a b s o lu te  e th a n o l  
under a rg o n .  When a l l  th e  m e ta l had r e a c t e d ,  th e  s o lu t i o n  was coo led  
and d i l u t e d  w ith  I 25 ml e t h e r .  D ie th y l  m alonate  (16 g ,  0 .1  mol) i n  
100 ml e t h e r  was added dropw ise d u r in g  30 m in u te s .  An a d d i t i o n a l  3 ml 
o f  e th a n o l  was re q u i re d  to  m a in ta in  homogenity. 2 ,6 -D i(c h lo ro m e th y l) -  
p y r id in e  (8 .8  g ,  0 .0 5  mol) was added in  sm all p o r t io n s  over 30 m in u tes .  
A f te r  th e  a d d i t io n  was com ple te ,  th e  m ix tu re  was r e f lu x e d  2 h o u rs ,  
c o o le d ,  and washed tw ice  w ith  25 ml w a te r .  The pH o f  th e  w a te r  ex­
t r a c t s  was a d ju s te d  to  ~  7 and e x t r a c te d  w ith  ch lo ro fo rm . The c h lo ro ­
form and e t h e r  e x t r a c t s  were combined, d r ie d  o ver  sodium s u l f a t e ,  and 
c o n c e n tra te d  in  vacuo to  a f fo rd  c a .  21 g o f  c rude 2 l £  (nmr showed 82$ ) .  
This m ix tu re  could  no t  be e a s i l y  analyzed  by g lc  o r  f r a c t i o n a l l y  d i s ­
t i l l e d  due to  decom position  a t  e le v a te d  te m p e ra tu re s .  However, an 
a n a l y t i c a l  sample was o b ta in ed  by chromatography ( p i c ,  2 mm; 25$ e th y l  
a c e ta te -c y c lo h e x a n e ,  = . 50 ) and m o lecu la r  d i s t i l l a t i o n :  bp 170-
173° (0 .3 5  mm); nmr (CDC13 ) 6 1 .22  (-CHoCH^. t ,  J  = 7 Hz, 12H), 3 . 3O 
(p y r -CHp- . d ,  J  = 7 .5  Hz, 1|H), Jt.13  (CH-, t ,  J  = 7-5 Hz, 2H), 1|. 15 
(CH^CH?- , q, J = 7 Hz, 8h ) , 6 . 85- 7 .65  (pyr-H , m, 3H ), m eth ine  p ro to n s  
can be r e s o lv e d  by a d d i t i o n  o f  sm all amount o f  benzene-de ; i r ( n e a t )
1730 (C=0, e s t e r ) ,  1 ^ 5 ,  I 365 , 1265, 1220, 1175, 115°> 1030, and 
858 cm” 1 .
A nal. Calcd f o r  C21H2gN0Q: C, 59*56; H, 6 . 9 0 . Found: C, 
59 .76 ; H, 7 .01 .
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R eac tio n  o f  2 ,6 -P i(h y d ro x y m e th y l )p y r ld in e  (74) w ith  g.cy'-Dlbromo- 
n -x y le n e  (22 0 ) .  Method A. In  th e  Presence o f  Sodium Hydride and DME. 
Sodium h y d r id e  su spens ion  (1*32 g ,  30 mmol) was washed f r e e  o f  m in e ra l  
o i l  w ith  pe tro leum  e th e r -A  and d r ie d  under n i t r o g e n  s tream . 2 ,6 -D i-  
(hyd roxym ethy l)py rid ine  (1 .3 9  S» 10 mmol) in  100 ml DME was in t ro d u c e d .
•X-
a .c Z -D ib ro m o ^ -x y le n e  (2 .9 4  g> 11 .2  mmol) d is s o lv e d  in  50 ml DME was 
added dropw ise to  th e  s t i r r e d  su spension  over 2 hours a t  25° .  The mix­
tu r e  was s t i r r e d  an a d d i t i o n a l  6 hours  a t  250 , th e n  re f lu x e d  24 h o u rs .  
The m ix tu re  was poured in t o  w a te r  and e x t r a c te d  s e v e r a l  t im es w ith  
ch lo ro fo rm . The combined ch lo ro fo rm  e x t r a c t s  were d r ie d  over sodium 
s u l f a t e  and c o n c e n t ra te d  ijn vacuo . The r e s id u e  was s e p a ra te d  by ch ro ­
matography ( p i c ,  2 mm; u s in g  50$ e t h y l  a c e t a t e  i n  cyc lohexane)  to  a f f o r d  
93O mg (40$) o f  l , 5 , 9 , 1 3 - t e t r o x a - 7 , l 5 - d i ( 2 , 6 ) p y r i d a - 3 , l l - d i ( l , 2 ) -
‘X’X*
phenacyclohexadecane (221^, n = 2 ) :  Rf = .2 7 ;  mp 11*2.5-143° ( e th a n o l -
e th y l  a c e t a t e ) ;  nmr (CDCl3 ) 6 4 .53 (arom-CHP- 0 , s ,  8H), 4 .59 ( p y r -CHg- 0 , 
s ,  8H), 7 .1 0 -7 .7 5  (arom-H, m, 14h); ms (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  
376 (6 ) ,  363 (1 5 ) ,  362 ( 4 2 ) ,  238 ( 4 2 ) ,  225 ( 23 ) ,  209 ( 2 3 ) ,  196 ( 1 5 ) ,
122 ( 100) ,  119 ( 69 ) ,  106 (5 4 ) ,  105 ( 58) ,  104 (7 2 ) ,  91 (60X and 79 ( 26 ) ;  
ms (25 eV -rev e rse  scan )  482 ( 1 . 6 ) ,  454 (1 .5 )»  377 (2 1 ) ,  3^3 (1 0 0 ) ,
333 (1 3 ) ,  256  (2 8 ) ,  240 (80 ) ,  226 (4 o ) ,  210 (4 2 ) ,  197 (32 ) ,  122 ( 100) ,
C a u t io n ; c*,c/-I>ibromo-o-xylene i s  s t r o n g ly  lach rym ato ry  w ith  a some­
what l a t e n t  e f f e c t . '
’X’#* *
Named acc o rd in g  to  Th. Kaufmann's proposed n o m e n c la tu re ; l4tj however, 
IUPAC147 name f o r  221 (n = 2) i s :  3 ,1 2 ,2 0 ,2 9 - t e t r a o x a - 3 5 ,3 6 - d ia z a -
p e n ta c y c lo [2 9 .3 * l* I 14’ 18 . 0 S»l o .0 2a >27] h e x a t r i a c o n t a - l ( 35 ) , 5 ( 10) ,6 , 8 ,1 4 -  
( 3 6 ) ,1 5 ,1 7 ,2 2 ( 2 7 ) ,2 3 ,2 5 ,3 1 ,33-dodecaene.
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119 ( 59 ),  106 (2 8 ) ,  105 (3 9 ) ,  and 104 (4 6 ) ;  l r ( n u j o l )  I 59O, I 570 , I 33O, 
1120 , 1095 , 1060 , 797 , 757,andTH8 cm";i: MWCalcd = 482, MWogm otlc(benzene): 
467, 494--Aveg. = 480; uv(MeOH) 265 nm (9 ,380 )•
A n a l . Calcd . f o r  C15H15N02 : C, 74 .67 ;  H, 6 .2 7 ;  N, 5 .81 .
Found: C, 7 4 .4 7 ;  H, 6 .1 6 ;  N, 5. 66.
F u r th e r  e l u t i o n  a f fo rd e d  210 mg (9$  o f  1 , 5 ,9 ,13>17,21- 
hexaoxa-7 , 15 , 23- t r i (2 , 6 )p y r id a - 3 , 11 , 19- t r i ( l , 2 )p h e n a c y c lo te tra c o s a n e  
(221 , n = 3 ): R = .1 4 ;  mp I 29- I 3O0 ( e t h a n o l - e t h y l a c e t a t e ) ; nmr
(CDCl3 ) I d e n t i c a l  to  t h a t  o f  c y c l i c  a z a - e th e r  (n = 2 ) ;  = 723,
MW08m o tic (b enzene) : 7°®> ^68 -A veg. = 688 ; uv (MeOH) 265 nm ( 13 ,050 ) .
A n a l. Calcd f o r  C15H15N02 : C, 7 4 .67 ; H, 6 .2 7 ;  N, 5 .81 .
Found: C, 71.06; H, 6 .2 1 ;  N, 5 .45 .
Although th e  a n a l y s i s ,  MW, and uv d a ta  in d i c a t e  th e  compound 
to  s t i l l  c o n ta in  a  sm all amount o f  im purity  th e r e  i s  no doubt as  to  th e  
s t r u c t u r e .  This  compound becomes in c r e a s in g ly  more in s o lu b le  (even in  
r e f lu x in g  m ethanol) as  i t  i s  p u r i f i e d ,  which might have in t ro d u ced  a 
sm all amount of e r r o r  in  the  uv e x t i n c t i o n  c o e f f i c i e n t .
Method B. v i a  High D i lu t io n  Technique. Sodium hyd r id e  su spension  
(2 g ,  47 mmol) was washed f r e e  o f  m in e ra l  o i l  w ith  pe tro leum  e th e r -A ,  
d r ie d  under n i t r o g e n  s tre a m , and b rought to  r e f l u x  in  1 .5  l i t e r s  o f  
e t h e r .  2 ,6 -D i(h y d ro x y m e th y l)p y r id in e  (1 .3 9  B» 10 mmol) i n  DME (250 ml) and 
a .c^ -d ib ro m o -o -x y len e  (2 .6 2  g , 10 mmol) in  DME (125 ml) were added
*IUPAC147 name f o r  221 (n = 3) i s :  3 ,1 2 ,2 0 ,2 9 ,3 7 ,4 6 -h e x a o x a -5 2 ,5 3 ,5 4 -
t r i a z a h e p t a c y c l o [ 4 6 .3 . 1 . 114»l e . I 3 1 >3 5 .0 5 >10 ,02 2 »a 7 . 03 9 »44] t e t r a p e n t a c o n ta -  
1 ( 5 2 ) ,5 ( 1 0 ) ,6 , 8 , 1 4 ( 5 4 ) ,1 5 , 1 7 ,2 2 ( 2 7 ) ,2 3 ,2 5 ,31 ( 53) , 3 2 , 3 4 , 3 9 (44 ) , 40 , 4 2 , 48 , 50-
o c tad ecae n e .
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p r o p o r t io n a te ly  v ia  d i l u t i o n  te ch n iq u e05 over 6 h o u rs ,  th e n  re f lu x e d  an 
a d d i t i o n a l  12 h o u rs .  Tic in  e t h y l  a c e t a t e  in d i c a te d  t h a t  a  f a i r  amount 
o f  s t a r t i n g  m a t e r i a l , a ,<y '-d ib rom o-£-xy lene , remained (R^ = .82) w h ile  
th e  only  d e t e c ta b le  p ro d u c ts  were th e  c y c l i c  a z a - e th e r s  221 (n = 2)rvs/vf '
(R^ “  . 53) and 221 (n = 3 ) (R^ “  -38)•  P roduc ts  th a t  co n ta in e d  the  
p y r id in e  m oiety  were e x t r a c te d  w ith  5$ h y d ro c h lo r ic  a c id  and the  
lach ram ato ry  e t h e r  l a y e r  d is c a rd e d  c a r e f u l l y .  A cid ic  e x t r a c t s  were 
made s l i g h t l y  b a s ic  w ith  sodium c a rb o n a te  and e x t r a c te d  s e v e r a l  tim es 
w ith  ch lo ro fo rm . The ch loroform  e x t r a c t s  were d r ie d  over sodium s u l ­
f a t e  and c o n c e n tra te d  in  vacuo to  a f f o r d  I .36  g ( 57$) o f  c rude  p ro d u c ts ,  
221.
Method C. v ia  Q uaternary  Ammonium Base. Benzyltrimethylammonium 
hydrox ide  (35$ s o lu t i o n  in  m ethano l,  I 5 .2  g ,  32 mmol) was s t i r r e d  w ith  
DME (50 ml) and c o n c e n tra te d  j £  vacuo w h ile  m a in ta in in g  th e  tem pera tu re  
below 38° .  A d d i t io n a l  DME (30 ml) was added and a g a in  c o n c e n t ra te d .
The ye llow  s a l t  su spension  was s t i r r e d  in  DME (100 ml) w ith  2 ,6 -  
d i (h y d ro x y m e th y l)p y r id in e  ( 1.39  8 > 10 mmol) f o r  30 m in u tes .  a , a ' -  
D ibromo-o-xylene (2 .6 2  g , 10 mmol) i n  DME (50 ml) was in t ro d u c e d  drop- 
w ise over 2 h o u rs .  With each d ro p ,  fo rm ation  o f  in s o lu b l e  m a te r i a l  
(polymer) cou ld  be observed . A f te r  s t i r r i n g  a t  room tem pera tu re  f o r  8 
h o u rs ,  th e  m ix tu re  was r e f lu x e d  10 a d d i t i o n a l  h o u rs .  A f te r  c o o l in g ,  
th e  t i c  d a ta  in d i c a te d  th e  absence o f  s t a r t i n g  re a g e n ts  as  w e ll  as th e  
p re v io u s ly  i s o l a t e d  (v ia  Method A and b) c y c l i c  a z a - e th e r s  221). How­
e v e r ,  th e  m ix tu re  was c o n c e n tra te d  J ji  vacuo, suspended in  w a te r ,  and 
shaken w ith  l a rg e  volumes o f  ch lo ro fo rm . F i l t r a t i o n  removed in s o lu b le  
polymer. The ch lo ro fo rm  la y e r  was s e p a r a t e d ,  d r ie d  o v e r  sodium s u l f a t e ,  
and ev ap o ra ted  to  a f fo rd  a sm all amount o f  u n i d e n t i f i e d  ye llow  o i l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
92
Sodium th lo c y a n a te  complex o f  221 (n = 2 ) . According to  th e  method 
o f  P ederson148>149 f o r  th e  fo rm a tio n  o f  "crown e t h e r "  complex s a l t s ,
221 (n ■ 2) (30 mg, 0 .0 6 2  mmol) and sodium th lo c y a n a te  (20 mg, O.Zkj  
mmol) were r e f lu x e d  In  methanol ( I 5 ml) f o r  I 5 min. The s o lv e n t  was 
slow ly  ev ap o ra ted  In vacuo to  a f f o r d  th e  complex: mp 195° ( d ) .  The
same complex [mp ~  193°  (d ) ]  was o b ta in ed  in  a  s i m i l a r  experim ent 
u s in g  a  1 :2  r a t i o  o f  l ig a n d  to  s a l t .  That a complex was o b ta in e d  was 
In d ic a te d  by th e  m e l t in g  p o i n t ,  which i s  c a .  5O0 h ig h e r  th a n  th e  p a re n t  
l ig a n d .
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RESULTS AND DISCUSSION
I n i t i a l l y ,  e f f i c i e n t  s y n th e t ic  r o u te s  toward ^  were d e s i r e d .  
Baker, e t  a l . , 43 have shown t h a t  t r a n s , t r a n s - 2 .6 - d i [ 2 - ( 6 -m e th y l - g -  
p y r id y l ) v in y l ] p y r id i n e  was th e  predominant p roduc t  from a c id -  
c a ta ly z e d  co n d e n sa t io n  o f  2 ,6 -d im e th y lp y r id in e  (j£0) and 2 ,6 -p y r id in e -  
d lca rboxa ldehyde  none o f  th e  c i s -compound ( i . , e . , was d e te c te d .




In  o rd e r  to  r e p e a t  t h i s  work as  w e ll  as ex p lo re  b a s e - c a ta ly z e d  conden­
s a t i o n s ,  th e  d la ld eh y d e  8£  was needed. S ince  8 ^  was no lo n g e r  commer­
c i a l l y  a v a i l a b l e ,  a  conven ien t la b o ra to ry  p rocedure  f o r  i t s  p r e p a r a t io n  
was d e s i r e d .
Two methods f o r  th e  e f f i c i e n t  p r e p a r a t io n  of 8£ have been 
r e p o r te d  in  th e  l i t e r a t u r e :  s e l e c t i v e  r e d u c t io n  o f  c a rb o x y l ic  e s t e r s 55
and o x id a t io n  o f  2 ,6 -d i (h y d ro x y m e th y l)p y r id in e  ( jh )  w ith  a c t iv a t e d  
manganese d i o x i d e . 48 U t i l i z a t i o n  o f  a r e d u c t iv e  method s i m i l a r  to  th e  
l i t e r a t u r e  p rocedu re  In d ic a te d  t h a t  a  complex m ix tu re  was o b ta in e d ,  
from which th e  d e s i r e d  d ia ldehyde  8£  was i s o l a t e d  i n  u n s a t i s f a c t o r y
93
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(8#) q u a n t i t i e s .  T h e re fo re ,  th e  o x id a t io n  o f  2 ,6 -d i(h y d ro x y m e th y l) -  
p y r id in e  ( j l i )  w ith  d iv e r s e  o x id iz in g  ag en ts  was pursued .
C onsecu tive  Khoxide rearrangem en ts  p rov ided  2 ,6 -d i ( a c e to x y -  
methy1 )p y r id in e  ( 7J?)» which was hydro lyzed  to  J}i,  b u t  y i e ld  d a ta  were 
in c o m p le te . 11 *44 These re p o r te d  p rocedu res  were r e i n v e s t ig a t e d  in  
o rd e r  to  de term ine  th e  o v e r a l l  e f f i c i e n c y  o f  th e  r o u te .  The i n i t i a l l y  
v i o l e n t  exotherm ic N-oxide rearrangem ent cou ld  be c o n t r o l l e d  by th e  
a d d i t io n  o f  th e  a p p r o p r ia te  N-oxide to  r e f lu x in g  a c e t i c  a n h y d r id e . 112 
D i lu t io n  o f  th e  r e a g e n ts  w ith  a lower b o i l i n g  c o - s o lv e n t  (DME) lowered 
th e  r e f lu x  te m p e ra tu re ,  b u t  d id  no t  a p p re c ia b ly  in c re a s e  th e  r e a c t io n  
y i e l d s .  Thus, 2 ,6 -d i (h y d ro x y m e th y l)p y r id in e  ( j i t )  was o b ta in ed  in  fo u r  
s te p s  ( 19$ p v e r a l l  y i e l d )  from com m ercially  a v a i l a b l e  2 ,6-d im e th y l-  
p y r id in e  N -oxide w ith  only one p u r i f i c a t i o n  ( d i s t i l l a t i o n )  o f  an i n t e r ­
m ed ia te  d u r in g  th e  p ro c e s s .  The d io l  Jk  ̂ was i s o l a t e d  w ith  c o n s id e ra b le  
d i f f i c u l t y  by means o f  con tinuous  l i q u i d - l i q u i d  e x t r a c t i o n  o f  th e  
aqueous h y d ro ly s is  m ix tu re  over a t  l e a s t  2k h o u rs .  However, 2 ,6 - d i -  
(h y d roxym ethy l)py rid ine  ( j k ) , was o b ta in e d  in  good to  e x c e l l e n t  y ie ld s  
by a  m o d i f ic a t io n  of r e p o r te d  r e d u c t io n  methods o f  th e  co rresp o n d in g  
d i e s t e r s . 45-48  An e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  o f  methyl 2 ,6 -  
p y r id in e d ic a rb o x y la te  ( l£ £ )  was o b ta in ed  from th e  d i l u t e  e s t e r i f i c a -  
t i o n  o f  th e  com m ercially  a v a i l a b l e  d i a c id .  R eduction  o f  lj££ w ith  
sodium b i 8 (2-methoxyethoxy)aluminum h y d r id e  a f fo rd e d  Jk  ̂ i n  a 50-76# 
y i e l d ,  whereas r e d u c t io n  w ith  sodium bo rohydride  a f fo rd e d  Jk̂  i n  a 70- 
98#  y i e l d .
O x ida t ion  o f  th e  f a c i l e l y  o b ta in e d  d i o l  7^  was conducted w ith  
b o th  a c t i v a t e d  manganese d io x id e 48 and le a d  t e t r a a c e t a t e . 9 However,
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th e  l a t t e r  proved to  be the  b e t t e r  method and r e s u l t e d  In  an e a s i l y  
I s o l a t e d  1*9$ y i e ld  of 2 ,6 -p y r id in e d ic a rb o x a ld e h y d e  (§ £ ) .
The co n d en sa t io n  r e p o r te d  by Baker, e t  a l . o f  th e  d ia ld e -  
hyde 8£  and 2 ,6 -d im e th y lp y r id in e  (%0) was re p e a te d  to  a f fo rd  (37$) 
t r a n s  , t r a n s - 2 , 6 - d i r 2 -  ( 6 -m e th y l - 2 - p y r id y l ) v ln y l ] p y r id in e  (8^) . The 
v in y l i c  c o u p l in g  c o n s ta n t  ( j  = 16 .5  Hz) o b ta in e d  from a 220 MHz nmr 
spectrum , as w e ll  as i r  and uv d a ta  a d d i t i o n a l l y  confirm ed th e  re p o r te d  
a l l  t r a n s  c o n f i g u r a t i o n . 43*72 A m ix tu re  o f  o th e r  h ig h e r  m e lt in g  p o in t  
components (p robab ly  lo n g e r  c h a in  t r a n s  homologs) was a l s o  o b ta in ed  
b u t  was not i n v e s t ig a t e d .  In  view o f  th e  f a c t  t h a t  s im ple p y r id in e  
compounds r e a c t  s i m i l a r l y  under a c i d i c  c o n d i t io n s  to  g iv e  t r a n s  o l e ­
f i n s ,  th e se  r e s u l t s  were not too  s u r p r i s i n g .
The l i t e r a t u r e  review  in d ic a te d  th a t  a  s im ple  2 - p y r id y l a c e t a t e
•X*
e s t e r  (12^ can be condensed w ith  benzaldehyde to  g iv e  th e  c i s  o l e f i n i c  
p roduc t V£,32 whereas th e  a r y l a c e t o n i t r i i e s  and 2 -p y r id y lca rb o x a ld e h y d es  
a f fo rd e d  a t r a n s  o l e f i n i c  p roduc t  8 £  (Table  i ) .  These o b s e rv a t io n s  
a l s o  c o r r e l a t e  w ith  th e  well-docum ented b a s e -c a ta ly z e d  P e rk in  and 
Knoevenagel co n d en sa t io n s  o f  p h e n y la c e t ic  a c i d ,  p h e n y l a c e t o n i t r i l e , and 
benzy lpheny l ke tone  w ith  aromatic a ld e h y d e s .117“ 120 G e n e ra l ly ,  in  
th e s e  n o n -h e te ro c y c l ic  system s, th e  n i t r i l e  gave th e  o l e f i n i c  condensa­
t i o n  p roduc t  w ith  t r a n s  arom atic  r i n g s ,  whereas the  ca rb o n y l r e a g e n ts  
( a c i d ,  e s t e r ,  and ke tone)  a f fo rd e d  a l a rg e  predominance o f  th e
The c i s  and t r a n s  nom encla ture  w i l l  r e f e r  to  th e  o r i e n t a t i o n  o f  the  
a ro m a tic  r i n g s .  The ( z )  and (E)  te rm ino logy  w i l l  r e f e r  to  th e  o r i e n t a ­
t i o n  sequence r u l e s  as s e t  f o r th  in  th e  IUPAC t e n t a t i v e  r u l e s  f o r  
s te re o c h e m ic a l  n o m e n c la tu re .143
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co rre sp o n d in g  c i s  o l e f i n . 117 On t h i s  b a s i s  a  m u l t ip le  co n d en sa t io n  o f
2 , 6 - d l s u b s t l t u t e d  p y r id in e s  was en v is io n ed  to  have some degree  o f  chance- 
f o r  c y c l i z a t i o n  to  a f f o r d  s u b s t i t u t e d  analogs  o f  The p r o b a b i l i t y  of
in t r a m o le c u la r  c y c l i z a t i o n  might a l s o  be enhanced by u t i l i z a t i o n  o f  th e  
h i g h - d i l u t i o n  t e c h n iq u e .8 4 »85 To a t te m p t such m u l t ip l e  c o n d e n sa t io n s ,  
the  2 ,6 - p y r i d in e d i a c e t a t e s  (6 £  and and 2 , 6 - d i ( p h e n a c y l )p y r id in e  
(JQ) were needed.
o f  6 £  from 2 ,6 -d im e th y lp y r id in e  was d i f f i c u l t  and a f fo rd e d  only  very  
poor y i e l d s . 5 T h e re fo re ,  o th e r  p o s s ib le  d i r e c t  methods f o r  th e  syn­
t h e s i s  o f  6 ^  were a t te m p te d .  2 ,6 -D im e th y lp y r id in e  (^0^ was t r e a t e d  
w ith  c a .  3 e q u iv a le n t s  o f  t e r t - b u ty l l i t h iu m  and th e  r e s u l t a n t  m ix tu re ,  
which shou ld  c o n ta in  some d im e ta l la t e d  d e r i v a t i v e ,  was in v e r s e ly  added 
to  a  co ld  s o lu t i o n  o f  e th y l  c h lo ro fo rm a te .  However, th e  only  o th e r  
p ro d u c t  b e s id e s  th e  expec ted  e th y l  2 - ( 6 - m e th y lp y r id y l ) a c e ta te  (66) was
58,
R e p e t i t io n  o f  th e  l i t e r a t u r e  method f o r  d i r e c t  p r e p a r a t io n
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e th y l  2 - ( ( i -m e th y lp lc o ly l )c a rb o n a te  (1^<5)> which cannot be e a s i l y  r a t i o n ­
a l i z e d .  The o r  I e ln  of lS<i should be in v e s t ig a t e d  f u r t h e r .  None of the
A 5 5. I) t-BuLICH. N CH5 2 ) CICOgEt *
58
156
d e s i r e d  2 , 6 - d i a c e t i c  e s t e r  6 ^  was d e te c te d .  C onverse ly ,  when 2 ,6 -  
d im e th y lp y r id in e  ((£0̂ ) was allow ed to  r e a c t  w ith  sodium h y d r id e  and 
d i e th y l  c a rb o n a te ,  th e  expec ted  m ono-ace tic  e s t e r  6(5 was o b ta in e d  along 




^ C O f e E t
C H P ^ F r^ C H , (E10)j C0  I T j l  ^COiEt
C H ^ O x j
Form ation o f  l j ^  in  re a so n a b le  y i e ld s  can be r a t i o n a l i z e d  by 
f u r t h e r  r e a c t io n  o f  th e  in te rm e d ia ry  a c e t a t e  6(5 as  shown in  Scheme X II.  
The base  in  th e  r e a c t i o n  i s  a c t u a l l y  sodium e th o x id e  which i s  r e g e n e ra te d  
from the  b y -p roduc t e th a n o l  by th e  sodium h y d r id e .  The m ethylene p ro tons
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o f  66 , a c t i v a t e d  by bo th  th e  p y r id y l  and th e  c a r b .x y l a t e  f u n c t io n s ,  a re  
so much more a c id ic  than  th e  opposing 6-methyl group hydrogens o f  66 o r  
th e  m ethyl groups o f  £0 th a t  they  a re  e v e n tu a l ly  s e l e c t i v e l y  removed by 
base  a f f o r d in g  C -a c y la t io n  to  the  unsym m etrical d i a c e t i c  e s t e r  
F u rtherm ore ,  th e  m ethine hydrogen o f  i s  a c t i v a t e d  by 3 groups and 
shou ld  be even more e a s i l y  removed by base  to  g ive  th e  s t a b l e  an ion  
l£jTa-c. The c o n t r i b u t i o n  of ljj7c may a l s o  e x p la in  why th e re  i s  a p p a re n t ly  
no f u r t h e r  r e a c t i o n  o f  1^£ to  form h ig h e r  s u b s t i t u t e d  compounds.
In  o rd e r  to  de term ine  th e  e x te n t  o f  d ia n io n  fo rm a t io n ,  m ethyl 
io d id e  was chosen as a s u i t a b l e  t r a p p in g  a g e n t .  The r e s u l t a n t  a lk y la te d  
p ro d u c ts  would not have an enhanced a c i d i t y ,  no t e q u i l i b r a t e  e f f i c i e n t l y  
w ith  o th e r  a n io n s ,  and w ith  th e  u t i l i z a t i o n  o f  in v e rs e  a d d i t i o n  would 
g ive  a good approx im ation  o f  th e  e f f i c i e n c y  o f  d la n io n  fo rm a t io n .  Thus,
2 ,6 -d im e th y lp y r id in e  (£0j was t r e a t e d  w ith  v a r io u s  b a s e - s o lv e n t  systems 
and th e  r e s u l t a n t  m ix tu re  added to  a  s o lu t i o n  o f  excess  m ethyl io d id e .
No a t te m p t was made to  de te rm ine  o r  maximize y i e l d s  s in c e  th e s e  a re  
d i r e c t l y  a f f e c t e d  by a competing q u a t e r n iz a t lo n  r e a c t i o n .  However, th e  
s t a r t i n g  2 ,6 -d im e th y lp y r id in e  , which undergoes q u a t e r n i z a t lo n  more
r e a d i ly  than  th e  p r o d u c t s , was recovered  in  each case  and th e r e f o r e  
used as an i n t e r n a l  s ta n d a rd .  The r a t i o s  o f  th e  r e s u l t i n g  2 ,6 -d i s u b -  
s t i t u t e d  p y r id in e s  61̂  and 6 ^  (Table V, p . 58) in d i c a t e  t h a t  th e  d i l i t h l o  
in te rm e d ia te  ^  and th e  mono m e ta l l a te d  in te rm e d ia te  were g en e ra ted  in  
a 1 :3  r a t i o  by t re a tm e n t  of ^  w ith  2 moles o f  p h e n y l l i th iu m .  These 
s im ple  a l k y l a t i o n  experim ents  th u s  i l l u s t r a t e  t h a t  th e  maximum p e rce n tag e  
o f  d ia n io n  fo rm ation  was no t s u f f i c i e n t  to  w a rran t  any d i a c y l a t i o n  ex­
perim en ts  by t h i s  r o u te .
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A method o f  s y n th e s i s  f o r  sym m etr ica lly  d ia c y la t e d  2 ,6 -
d im e th y lp y r id in e s  was e n v is io n ed  by n u c le o p h i l i c  d isp lacem en t o f  
p y r id i n e - r in g  h a lo g e n (s )  by an a p p r o p r ia t e ly  m e ta l l a te d  acy lm ethy l r e ­
a g e n t .  T h e re fo re ,  2 ,6 -d ic h lo r o p y r id in e  ( l j j8 ) o r  2 ,6 -d ib ro m o p y r id in e  
( l ^ )  was t r e a t e d  w ith  ^ e q u iv a le n ts  o f  Meyers' r e a g e n t , 121 2 - l i t h i o -  
m e th y l-4 ,4 -d im e th y lo x a z o l in e  ( l 60j , and the  r e s u l t i n g  m ix tu res  
so lv o ly z ed  to  th e  co rrespond ing  e s t e r s .  However, in  bo th  c a se s  only  
th e  mono a d d i t i o n  p ro d u c t ,  e th y l  2- ( 6- c h lo r o p y r i d y l ) a c e t a t e  (161^) and 
e th y l  2- ( 6 -b ro m o p y r id y l )a c e ta te  ( 162) was o b ta in e d  in  2^$ and 17$, 
r e s p e c t iv e l y .  So t h i s  ro u te  was a l s o  abandoned.
F i n a l l y ,  2 ,6 - p y r i d in e d i a c e t a t e s  (6^  and were e a s i l y  syn­
th e s iz e d  ( 51- 76$) by s o lv o ly s i s  o f  th e  co rresp o n d in g  d i a c e t o n l t r i l e  
( 77 ) which was ob ta in ed  in  alm ost q u a n t i t a t i v e  y i e l d s  by t re a tm e n t  o f
2 ,6 -d i ( c h lo ro m e th y l )p y r id in e  ( j^ )  w ith  a cyanide/DMSO r e a c t io n .  Although 



















rea rrangem en t r o u t e 113 (11$ o v e r a l l ) ,  I t  was more e a s i l y  p rep a red  from 
th e  now r e a d i ly  a v a i l a b l e  2 ,6 -d i (h y d ro x y m e th y l)p y r id in e  Thus,
th e  r e a l i z e d  o v e r a l l  p r e p a r a t io n  o f  th e  d i a c e t o n l t r i l e  from the  com­
m e rc ia l ly  a v a i l a b l e  d la c ld  In  k s te p s  I s  79$« The s o lv o ly s l s  s te p  was 
no t op tim ized!
2 ,6 -D i(p h e n a c y l)p y r id in e  (^0) was p rep a red  acco rd in g  to  th e  
l i t e r a t u r e  p rocedu res  as i l l u s t r a t e d  in  Scheme IV .3 *41 A m ise ra b le  
o v e r a l l  6$ y i e ld  o f  ^0 was o b ta in ed  f o r  th e  lr -s tep  sequence , whereas a 
16$ y i e ld  had been p re v io u s ly  r e p o r t e d . 41 The poor y i e ld  was due p r i ­
m a ri ly  to  th e  i n i t i a l  co n d en sa t io n  o f  2 ,6 -d im e th y lp y r id in e  (j^D) w ith  
benza ldehyde. This  a c e t i c  anhydride  induced co n d en sa t io n  a f fo rd e d  
th e  d e s i r e d  d i o l e f i n  68 in  a  meager 20$ y i e l d :  t r a n s - [ 2 ( 6 - m e th y lp y r id y l ) -  
pheny le thene  (1J56) and i t s  non-dehydra ted  p r e c u r s o r  16^ were a l s o
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I s o l a t e d ,  17$ and 20$, r e s p e c t iv e l y .  The o v e r a l l  y i e l d  o f  was im­
proved to  24-j50$  by u t i l i z a t i o n  o f  th e  " a n i l  s y n th e s i s "  in  th e  i n i t i a l  
s t e p .  S ince  Becker123 and S i e g r i s t 124 r e p o r te d  the  condensa t ion  o f  
b e n z a la n i l in e  (16^) w ith  a ry lm ethy l compounds to  occu r  in  e x c e l l e n t  
y i e l d ,  t h i s  p rocedure  was a t tem p ted  f o r  th e  f i r s t  time w ith  2 ,6 -  
d im e th y lp y r id in e  (jC}), r e s u l t i n g  in  easy i s o l a t i o n  o f  th e  d l o l e f i n  6{3 
in  78$ y i e l d .







The d i - W i t t i g  re a g e n t  was a l s o  p rep a red  from tr ip h e n y lp h o sp h in e  
and 2 ,6 -d i ( c h lo ro m e th y l )p y r id in e  (7£) in  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d .
S ince  p re l im in a ry  r e a c t io n s  o f  th e  d i y l i d e  16^, the  d lk e to n e  
JO , and th e  d i e s t e r s  6£  a n d w i t h  th e  d lcarboxa ldehyde  8 ^  r e s u l t e d  in  
i s o l a t i o n  o f  no i d e n t i f i a b l e  o l e f i n i c  compounds, th e  co n d en sa t io n s  were 
undoubtedly  more complex th an  o r i g i n a l l y  e n v is io n e d .  T h e re fo re ,  i n  o rd e r  
to  d e f in e  optimum p aram eters  f o r  th e  d e s i r e d  c y c lo c o n d e n s a t lo n s , a d e c i ­
s io n  was made t o  i n v e s t i g a t e  th e  analogous b u t  more s im ple mono­
s u b s t i t u t e d  p y r id in e  compounds.
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Ethy l 2 - p y r id y l a c e t a te  (12,) was p rep a red  by two r o u te s .  
2 -M e th y lp y r id in e , d i e th y l  c a rb o n a te ,  and sodium hyd ride  were re f lu x e d  
12 hours In  DME to  a f f o r d  (20$) 12, along  w ith  1$ o f  th e  p re v io u s ly  un­
re p o r te d  d i e t h y l  2 -p y r id y lm a lo n a te  (]/jfO^. E s te r  12, was a l s o  sy n th e s iz e d  
(1*5-146$) by th e  method o f  G oldberg , e t  a l . 10 However, o th e r  p re v io u s ly  
u n d e tec te d  p ro d u c ts  were a l s o  i s o l a t e d  and th e s e  a r e  th e  s u b je c t  o f  a 
s e p a ra te  p r o j e c t  r e p o r te d  in  Appendix I .
S ince  Bragg and W ibberley32 in  I 96 I r e p o r te d  e th y l  2 - p y r id y l ­
a c e t a t e  (12,) and benzaldehyde condense to  g iv e  th e  clnnam ate con­
t a in in g  th e  d e a i r e d  c i s  o r i e n t a t i o n  about th e  double bond, t h i s  
r e a c t i o n  was re p e a te d  in  o rd e r  to  s u b s t a n t i a t e  t h e i r  c o n f ig u r a t io n a l  
ass ignm ent.  The work-up p rocedure  d e v ia te d  somewhat from t h e i r  l i t e r a ­
tu r e  method. R ather  th an  d i s t i l l a t i o n  o f  the  c rude  r e a c t io n  m ix tu re ,  
the  v o l a t i l e  m a te r i a l s  were removed in  vacuo and then  the  re s id u e  sub­
je c t e d  to  chromatography. Bragg and W ibberley o b ta in ed  Vf i n  a  "lr6$" 
y i e l d .  This  v a lu e  was determ ined  by i s o l a t i o n  o f  an u n s p e c i f ie d  quan­
t i t y  o f  th e  p i c r a t e  d e r i v a t i v e  o f  from th e  weighed d i s t i l l a t e .
However, w ithou t t h i s  datum th e  p ro p o r t io n  o f  i n  th e  d i s t i l l a t e  and 
th u s  the  a c t u a l  p e rc e n t  y i e ld  could  not be de te rm ined .  Chromatography 
o f  th e  r e a c t i o n  m ix tu re ,  however, in d ic a te d  incom plete  r e a c t i o n  s in c e  
^3$ o f  th e  s t a r t i n g  e s t e r  12, was reco v e re d .  A lthough two p ro d u c ts ,
and ( z ) " l ^ l ,  were o b ta in ed  in  low y i e l d ,  th e  predominance 
o f  (E)-rfl (20$) over (z)-l£L, ( 10$) . p a r t i a l l y  supported  th e  r e p o r t  o f  
Bragg and W ibberley .32
S im i la r ly ,  th e  more r e a c t i v e  2 -p y rid in eca rb o x a ld eh y d e  (8£)  
was condensed w ith  e th y l  2 - p y r id y la c e t a t e  (12) t o  a f fo rd  c a .  77$ t o t a l  
y i e l d  of p ro d u c ts  1J2 i n  h a l f  th e  amount o f  time re q u ire d  f o r  th e  Bragg
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and W ibberley r e a c t i o n .  However, In  t h i s  ca se  th e  t r a n s  o r  (z ) - ls o m e r  
was o b ta in ed  in  predominance (^5$) over  th e  d e s i r e d  c i s  o r  (E )- isom er 
(3 0 * ) ,  see  Table VI. A sm all amount o f  th e  in te rm e d ia ry  a lc o h o ls  (2$) 
and some s t a r t i n g  e s t e r  (13$) was a l s o  reco v e re d .  R eac tio n  o f  1<2 and 
8 ^  under P e rk in  c o n d i t io n s  , 127 jL.£. , t r i e th y l a m in e  and a c e t i c  an h y d r id e ,  
gave an even h ig h e r  r a t i o  of (z)- to  (E ) - is o m e rs ,  1*6$ and 18$, r e s p e c ­
t i v e l y .  The predominance o f  t r a n s  o r  ( z ) - isomer was n o t  unexpected  in  
t h i s  r e a c t io n  s in c e  t h i s  u s u a l ly  i s  th e  only  p roduc t o b ta in ed  under 
a c i d i c  c o n d i t io n s .  The o v e r a l l  y i e l d  w ith  t h i s  c a t a l y t i c  medium i s  
a l s o  d im in ish ed ,  s in c e  th e re  a re  a p p a re n t ly  competing r e a c t io n s  o f  th e  
s t a r t i n g  m a te r i a l s  and p ro d u c ts  w ith  th e  a c e t i c  an h y d r id e .  In  th e  ab­
sence o f  a c e t i c  a n h y d r id e ,  t r i e th y la m in e  e f f e c t e d  th e  co n d en sa t io n  bu t 
w ith  a p o o re r  co n v e rs io n  to  o l e f i n i c  p ro d u c ts  as  w e ll  as a much h ig h e r  
p e rc e n ta g e  (18$) o f  in te rm ed ia ry  a l c o h o l s .  The amount o f  (E )- iso m e r  in  
th e  c rude  m ix tu re  was de term ined by nmr to  be on ly  17$ ,  whereas th e  
predom inant ( z ) - isomer was d e te c te d  (^  65$) and i s o l a t e d  (30$).
For com parative  p u rp o ses ,  th e  cv-phenylcinnamates were
p rep ared  by a d ap t in g  v a r io u s  methods from th e  l i t e r a t u r e . 127" 130 In  
o rd e r  to  com plete  th e  s e r i e s  (See Table V I) ,  th e  a c r y l a t e s  ( e ) -  and 
( z ) - l j k  were sy n th e s iz e d  by u t i l i z a t i o n  o f  S hahak 's  method132 (Scheme 
X I I l ) .  T h is  ro u te  was c o n s id e re d  n ece ssa ry  s in c e  o th e r s  had re p o r te d  
on ly  very  poor co n d en sa t io n  r e a c t i o n  ( 3$) o f  e th y l  p h e n y la c e ta te  and 
benzaldehyde by ty p i c a l  b a s ic  c o n d i t i o n s . 150 By an e r r o r ,  th e  p ro p e r  
amount o f  base  was no t  u t i l i z e d ;  th u s ,  b o th  isom ers o f  were o b ta in e d  
in  low y i e l d  and th e  favored  (E )- isom er was i s o l a t e d  as th e  predominant 
isomer [16$ (e )  v s .  9$ (z)].



















Ar. A r^  -  CO2CH2CH3
A r H  H A r 7
(E)  (Z)
Compound Ar A r7 f
IR - J, cm 1
UV, nm(eXl03 )C
NMR, 5(ppm) d
c=o c=c C-0 C=CH -0CH2- - ch3
Ph Ph 84 1710 1625 1246 219(16 .4) 284(14 .8) 7 .7 9 f t . l 5f l . ! 4 f
Ph 2-Pyr 64 1713 1644 1245 250( 10 . 1 ) 292(11 .7) 7.93 4.26 1 .24
2-Pyr Ph 67 1712 1630 1253 ---- 282( 15 . 8 ) 7 .93 4.28 1 .26
2-Pyr 2-Pyr ko 1714 1591 1253 257(10 .9) 291( 11 . 3 ) 7 .97 4 .27 1.26
Ph Ph 16® 1723 160 k 1216 222(14 .3) 287(20 . 8 ) 6 .99 4 .24 1 .14
Ph 2-Pyr 36 1722 1620 1193 223(10 .9) 304(16 .7) 6 .91 4.41 1.29
<z >-AZi. 2-Pyr Ph 33 1723 1586 1215 220(11 .6) 299( 18 . 5 ) 7 .67 ^•33 1.18
2-Pyr 2-Pyr 60 1723 1587 1204 263(12 .4) 311 (2 3 . 6 ) 7 .6 7 4.45 1 .34
a .  P e rcen t  r a t i o  o f  th e  ( E ) / ( z )  isom ers.  b .  Thin f i lm s .  c .  Methanol s o lv e n t .  d . D eu te r io -
ch lo ro fo rm  s o lv e n t ,  c a .  10$ w t /v o l .  e .  Value determ ined on in te rm e d ia te  a c id .  f .  L i t . 123 nmr o
—  \ j i
(CC14) 6 7 .4 9 ,  4 .0 9 ,  and 1 .2 5 ,  r e s p e c t iv e l y .  g. ( E ) - ! ^  i s  i d e n t i c a l  t o  compound 4£.
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The cv-arylacetophenones were condensed w ith  v a r io u s  a r y l -  
a ldehydes  acco rd ing  to  l i t e r a t u r e  p ro ced u res  and th e  p ro d u c ts  a re  
a r ran g ed  in  Table V I I . 10» J-3 3 »-1-35 In  g e n e r a l ,  th e s e  Q '-arylacetophenones 
were r e a c te d  w ith  a s l i g h t  excess  o f  th e  a p p ro p r ia te  aldehyde and a 
c a t a l y t i c  amount o f  p ip e r i d in e .  By u t i l i z a t i o n  o f  benzene , as  s o lv e n t ,  
r a t h e r  than  e th a n o l ,  a z e o t ro p ic  removal o f  w a te r  was p o s s i b l e ;  th u s ,  
th e  r e a c t io n  was fo rced  to  com p le tio n .  The p e rc e n ta g e  r a t i o s  of ( E ) / ( z )  
isom ers and p e r t i n e n t  s p e c t r a l  d a ta  a re  p re s e n te d  in  T ab le  V II .  However, 
when 2 -p y r id in eca rb o x a ld eh y d e  was u s e d , an e q u iv a le n t  amount o f  p ip e r -  
idene was n ece ssa ry  to  r e a l i z e  removal o f  th e  t h e o r e t i c a l  amount o f  
w a te r  and in s u re  com ple tion  o f  th e  r e a c t i o n .  In  t h i s  c a s e ,  p ip e r id in e  
had formed a Michael adduct w ith  th e  i n i t i a l  co n d en sa t io n  p ro d u c t .  
T h e re fo re ,  th e  r e s u l t a n t  r e a c t i o n  m ix tu re s  were r e f lu x e d  in  d i l u t e  
a c id  to  e f f e c t  th e  e l im in a t io n  o f  p ip e r i d in e  and a f fo rd  th e  o l e f i n .
For example, desoxybenzoin (!££,) and 8 ^  were r e a c te d  by u s in g  3 i n c r e ­
ments o f  th e  e q u iv a le n t  amount o f  p i p e r i d i n e ,  each r e s u l t i n g  i n  c a .  th e  
r e s p e c t iv e  amount o f  w a te r  removed. R e c r y s t a l l i z a t i o n  o f  th e  crude r e ­
a c t i o n  r e s id u e  a f fo rd e d  th e  p ip e r id in e -M ic h a e l  adduct 18^ in  27$ y i e l d .  
T h is  compound a p p a re n t ly  decomposes to  th e  ( z ) - isomer on ex tended  
h e a t in g  in  p r o t i c  medium, s in c e  ( z J - F ^  was o b ta in e d  i n  67$ y i e l d  by 
s im ple  c o n c e n t r a t io n  ( b o i l i n g )  of th e  a l c o h o l ic  m o th e r - l iq u o r .  Indeed , 
th e  adduct 18^ smoothly e l im in a te d  p ip e r i d in e  on r e f lu x in g  in  5$ 
h y d ro c h lo r ic  a c id  to  g iv e  (z)-l/j[8 i n  91$ y i e l d .
A l t e r n a t i v e l y ,  8 ^  and JL£ £  re a c te d  by t e r t i a r y  o r  h ig h ly  
h in d e red  secondary amine c a t a l y s i s  to  a f f o r d  e x c lu s iv e ly  the  i n t e r ­
mediary a lc o h o ls  lS ^ a n d  18^» in  72$ and 15$  y i e l d ,  r e s p e c t iv e l y .  S ince
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TABLE V II (C o n tin u ed )
(z)-l8o 2-Pyr Ph 98 115-116 1682 1240 258(21.5) 297(21 .5 )
(z )- l8 l 4-N02-Ph Ph l6(T0)d 155-136 1689 1225 251(22 .4) 327(22 .4 )
(z)-182'  /v w 2-Pyr 2-Pyr 99 15V 155 .5 168? 1243 254(21 .7) 310(21.2)
a .  P e rc e n t  r a t i o  o f  th e  (E ) / ( z )  isom ers v i a  Method A. b .  N ujol m u l ls .  c .  Pro longed e q u i l i b r a t i o n  
w ith  p ip e r i d in e .  137 d . A d d i t io n a l  p re sen ce  o f  benzo ic  a c id .  e .  CC14 s o lv e n t .  f .  A bso lu te  
e th an o l s o lv e n t .
ovo
110
th e  a lc o h o ls  can p a r t i c i p a t e  in  a b a s e - c a ta ly z e d  e n o l i z a t l o n  w ith  sub­
sequent e q u i l i b r a t i o n ,  the  most s t a b l e  co n fo rm a tion ,  18^ ,  would be th e
expec ted  m ajor p ro d u c t .  In  f a c t ,  th e  nmr spectrum  o f  l 8{t i n d i c a t e s  a 
m ethine co u p l in g  c o n s ta n t  o f  5 Hz w h ile  th e  spectrum  o f  18£ in d i c a te s  
a m ethine c o u p lin g  c o n s ta n t  o f  7*5 Hz. T h is  m eth ine-hydrogen  i n t e r ­
a c t io n  can be e a s i l y  d e p ic te d  from th e  Newman p r o je c t io n s  o f  th e  most 
s t a b l e  conform ations  in  which th e  l a r g e s t  groups ( th e  a rom a tic  r in g s )  
occupy th e  a n t i - p e r l p l a n a r  o r i e n t a t i o n .  Using th e s e  p r o j e c t i o n s ,  i t  
can  a l s o  be e a s i l y  seen  t h a t  th e  d ih e d ra l  an g le  f o r  18£ ( 180° “  0° )  
would be expec ted  to  r e s u l t  in  a l a r g e r  m ethine v i c i n a l  cou p lin g  in  th e  
nmr spectrum  than  18^ (d ih e d r a l  an g le  “  60° ) .
id in e  adduct 1̂ «  a sample was p a r t i a l l y  isom erized  (26$) a t  h igh  
tem p era tu re  to  th e  o th e r  Isomer. S ince  th e  m eth ine  c o u p lin g  c o n s ta n ts  
in  th e  nmr s p e c t r a  o f  I 83 and i t s  l e s s  s t a b l e  isom er 186 a r e  11.5  Hzr  /vmO <-s x
2-Pyr
In  o rd e r  to  s i m i l a r l y  a s s ig n  th e  s t r u c t u r e ( s )  o f  th e  p ip e r -
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I l l
and 10.5 Hz, r e s p e c t i v e l y ,  th e  s t r u c t u r e s  could  be t e n t a t i v e l y  a ss ig n ed  
as  shown in  th e  Newman p r o je c t io n s  o£ th e  most s t a b l e  conform ers 
(Scheme XIV).
The e n v is io n ed  r e a c t io n  pathway i s  shown in  Scheme XIV. The 
a lc o h o l  in te rm e d ia te  lo s e s  w a te r  w ith  s t e r e o e l e c t r o n i c  o v e r la p  c o n t r o l 117 
to  i n i t i a l l y  form the  (E )- iso m e r .  S ince  the  (e ) - is o m e r  i s  e f f e c t i v e l y  
con juga ted  th rough  th e  c a rb o n y l ,  as  w i l l  be v e r i f i e d  in  a l a t e r  d i s c u s ­
s io n  of th e  s p e c t r a l  d a t a ,  Michael a d d i t io n  o f  p ip e r i d in e  a t  th e  /9- 
carbon o f  th e  a r,/?-unsatura ted  ca rbony l system r e a d i ly  o c c u rs .  The 
p ip e r i d in e  a d d u c t ( s )  then  undergoes e q u i l i b r a t i o n  to  th e  more s t a b l e  
Isomer 18^. P ip e r id in e  i s  th en  e l im in a te d  from th e  favo red  a n t i p e r i -  
p la n a r  o r i e n t a t i o n ,  r e s u l t i n g  i n  th e  ( z ) - i s o m e r .  Thus, t h i s  Michael 
a d d i t io n  and subsequent e l im in a t io n  e q u i l i b r a t e s  the  (e )  and (z) isom ers .  
However, i f  such an e q u i l ib r iu m  e x i s t s  under th e se  c o n d i t i o n s ,  i t  i s  
d r a m a t ic a l ly  s h i f t e d  toward th e  ( z ) - i s o m e r .  The ( z ) - o l e f l n ,  which i s  
no t e f f e c t i v e l y  co n ju g a ted  through th e  o r th o g o n a l  ca rbony l group (due to  
sterlc in te rac t ions138), resem bles  a t r a n s - d i a r y l  o l e f i n  w hich, a t  b e s t ,  very  
poorly  undergoes n u c le o p h i l i c  a d d i t i o n .  However, F r i e d r i c h  and Corm ier137 
r e c e n t ly  have shown t h a t  e i t h e r  isom er o f  1££ can  be e q u i l i b r a t e d  w ith  a 
10 mole excess  o f  p ip e r i d in e  to  a f f o r d  a 2 /1  ( z ) / ( E )  isomer r a t i o .
To f u r t h e r  i l l u s t r a t e  th e  a d d l t l o n - e l im i n a t i o n ,  a - ( b -  
n i t ro p h e n y l)a c e to p h e n o n e  ( l j 6 )  and benzaldehyde were condensed in  a 
second experim ent ag a in  u t i l i z i n g  a c a t a l y t i c  amount o f  p ip e r i d in e  
(Method a )  bu t w ith  a sm all amount o f  benzo ic  a c id  (from crude  benz­
a ldehyde) p r e s e n t .  The c o l l e c t i o n  o f  w a te r  from t h i s  r e a c t i o n  was shown 
to  be a t  l e a s t  5 times as  f a s t  a s  th e  I n i t i a l  c o n d en sa t io n  (Method A - 
T ab le  V Il)  which d id  no t c o n ta in  benzo ic  a c id  ( a t  l e a s t  i n  a  s i g n i f i c a n t
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amount). But o f  g r e a t e r  s i g n i f i c a n c e  i s  th e  f a c t  t h a t  th e  ( E ) / ( z )  
isomer r a t i o  was re v e rs e d  in  th e  p resen ce  of benzo ic  a c i d ,  ,e .£ .  84/16 
and 3 0 /7 0 ,  r e s p e c t iv e l y .  These o b s e rv a t io n s  f u r t h e r  su p p o r t  th e  r e a c ­
t i o n  scheme (XIV) s in c e  d e h y d ra t io n  i s  more f a c i l e  under c o n d i t io n s  
where a p ro to n  sou rce  i s  a v a i l a b l e .  The proposed M ichael a d d i t io n  
would a l s o  be enhanced by ca rbony l a c t i v a t i o n  as  would th e  subsequent 
e l im in a t io n .  However, th e  ( z ) - is o m e r  would no t  be expec ted  to  show any 
enhanced r e a c t i v i t y  by th e  p resen ce  o f  th e  added a c id  s in c e  t h i s  isomer 
resem bles an i s o l a t e d  d l a r y l  o l e f i n .
The (E )- isom ers  in  Table VII cou ld  be p rep a red  in  more s u i t ­
a b le  q u a n t i ty  by p h o to iso m e r iz a t io n  o f  th e  c o rre sp o n d in g  (z ) - i s o m e r .
As re p o r te d  by Black and L u tz118 p re v io u s ly  f o r  1££, a 0 .01  M benzene 
s o l u t i o n  o f  th e  r e s p e c t iv e  ( z ) - ls o m e r  under an i n e r t  atm osphere in  a 
pyrex f l a s k  was allow ed to  s tan d  in  s u n l ig h t  f o r  c a .  6 h o u rs .  In  t h i s  
way, (e )-1 8 0  and (e ) -1 8 2  were i s o l a t e d  by chromatography o f  th e  photo- 
l y s i s  r e s id u e s  in  c a .  30$ y i e l d s .  The p h o to ly s i s  m ix tu re  c o n ta in in g  
(E)- and (Z )-1 J8  cou ld  no t be s e p a ra te d .  From o th e r  ex p e r im en ts ,  i t  
was found t h a t  more d i l u t e  s o lu t i o n s  I r r a d i a t e d  f o r  lo n g e r  p e r io d s  o f  
tim e r e s u l t e d  in  h ig h e r  c o n v e rs io n s  to  th e  (E )- iso m e r .  For example, 
th e  e s t e r  ( E ) - r 72 was o b ta in e d  in  a 88$ y i e l d  by p h o to ly s i s  o f  a
0 .001  M benzene s o lu t i o n  o f  th e  ( z ) - isomer f o r  J2 h o u rs .  The o l e f i n i c  
l a b i l i t y  o f  (E )- isom ers  w ith  a /3 -2 -py ridy l s u b s t i t u e n t  i s  p a r t i a l l y  
supported  by th e  f a c t  t h a t  n e i t h e r  1^8 nor 18^ could  be o b ta in ed  in  
pu re  form. Indeed , such a phenomenon in  th e  r e l a t e d  3- (2 -p y r id y l )  
a c r y l o n i t r i l e s  (Table  I )  has been p re v io u s ly  o b s e rv e d .64>07 A s u i t a b l e  
e lem en ta l  a n a ly s i s  f o r  (e ) -1 8 2  cou ld  no t be o b ta in e d  s in c e  i t  decomposed
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dur in g  an a t tem p ted  m o lecu la r  d i s t i l l a t i o n .  However, r e p r e s e n t a t i v e  
s p e c t r a l  d a ta  f o r  (Ej-lOiS were o b ta in ed  on a tw ice-chrom atographed 
sample.
S t r u c t u r e  ass ignm ents  o f  th e  a , /? -u n s a tu ra te d  e s t e r s  and 
k e tones  in  T ab les  VI and VII were based  on nmr, i r ,  and uv s p e c t r a l  
d a ta  and by comparison to  th e  w e ll  known d ipheny l a n a lo g s ,  1 ^  and 1££,. 
A lthough each s p e c t r a l  method cou ld  en a b le  d i s t i n c t i o n  between an (E )- 
and ( z ) - i s o m e r ,  th e  com bination  o f  p h y s ic a l  p r o p e r t i e s  and s e v e ra l  
k in d s  o f  s p e c t r a l  d a ta  p rov ides  a  fo rm idab le  p ro o f  o f  s t r u c t u r e  a s s ig n ­
m ents . Black and L u tz l i a  have d is c u s s e d  th e  r e a c t i v i t y  end th e  u l t r a ­
v i o l e t  s p e c t r a l  d a ta  f o r  (E )- and (z )- l£ j \ More r e c e n t l y ,  i n f r a r e d  and 
u l t r a v i o l e t  d a ta  were s i m i l a r l y  used to  confirm  ass ignm en ts  f o r  ( e ) -  
and (z )-l£ £  and lj^ ,. 130 L ikew ise ,  th e  a c id  p re c u r s o r s  t o  ( e ) -  and 
( z ) - l ^  a r e  w e ll  known.117>119 However, th e  i r  and uv d a ta  i n  T ab les  
VI and VII g e n e ra l ly  c o r r e l a t e  w e ll  w ith  th e  a s s ig n e d  s t r u c t u r e s .  In  
th e  i r  s p e c t r a  o f  th e  e s t e r s  and k e to n e s ,  th e  ca rb o n y l band f o r  th e  
n on -con juga ted  (z ) - is o m e r  appea rs  a t  h ig h e r  frequency  th a n  th e  c o r r e s ­
ponding ( e ) - i s o m e r ,  abou t 10 cm-1  and 25-40 cm- 1 , r e s p e c t i v e l y .  The 
C-0 s t r e t c h i n g  frequency  o f  the  c o n ju g a ted  (E )- isom ers  a l s o  r e s u l t  a t  
h ig h e r  f req u en cy .  F u rthe rm ore ,  w ith  th e  e s t e r s  i n  Tab le  VI i t  was 
a l s o  p o s s ib le  to  c o r r e l a t e  th e  ca rbon -ca rbon  double bond bands ; th e  
h ig h e r  frequency  band o b ta in in g  as  expec ted  w ith  th e  more co n ju g a ted  
(E )- iso raer .
With th e  e x c e p t io n  o f  th e  u l t r a v i o l e t  d a t a  in  T ab les  VI
and VII show a  h ig h e r  ^max f o r  each ( z ) - i s o m e r .  The most d i s t i n g u i s h ­
ing  uv d a ta  i s  th e  l a r g e r  molar e x t i n c t i o n  c o e f f i c i e n t s  f o r  a l l  (z)-  
isom ers in  T ab les  VI and V II .  T h is  e f f e c t  i s  more pronounced a t  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
115
lo n g e r  w avelength  (^max) a b s o rp t io n  band. However, one ex c e p t io n  to  
th e  e x t i n c t i o n - c o e f f i c i e n t  r e l a t i o n s h i p  i s  no ted  between isomers o f  
1££ a t  th e  s h o r t e r  w avelength a b s o rp t io n .
The nmr spectrum  o f  th e  a , /3 -u n sa tu ra te d  ke tones  in  Table VII 
e x h ib i te d  only a broad arom atic  reg io n  in  which the  v in y l i c  hydrogen 
resonance was superim posed. Nmr s p e c t r a  of th e  e s t e r s  in  Table VI en­
ab led  d i s t i n c t i o n  between isom ers .  The methyl group o f  the  e s t e r ,  
being more remote from the  s id e  o f  c o n ju g a t iv e  e f f e c t s ,  e x h i b i t s  no d i f ­
f e re n c e  in  chem ical s h i f t s  which can be r e l a t e d  to  s te re o c h e m is t ry ,  
whereas th e  m ethylene e x h i b i t s  an isom eric  r e l a t i o n s h i p .  The ca rbony l 
o f  th e  (z ) - is o m e r  i s  l e s s  e f f i c i e n t l y  con juga ted  (o r th o g o n a l  to  th e  
p lan e  o f  th e  double bond) and thus  th e  m ethylene resonance  i s  s h i f t e d  
dow nfield  to  a  g r e a t e r  e x te n t  ( 5-18  Hz) than  th e  (E )- iso m e r .  In  ad d i­
t i o n ,  th e  v in y l i c  p ro to n  resonance can be seen  as a  very  s t ro n g  s i n g l e t .
The c i s  r e l a t i o n s h i p  between the  carboxy l f u n c t io n  and th e  v in y l  hydro­
gen o f  th e  (E )- isom er as expected  r e s u l t s  in  th e  appearance o f  a more 
d e sh ie ld e d  v i n y l i c  resonance  (6 7 * 8 -8 .0 ) .  The v i n y l i c  hydrogens of 
( z ) - l j l  and (z)-r72 which have a 2 -p y r id y l  moiety c i s  t o  th e  v in y l  hydro­
gen a r e  a l s o  more d e sh ie ld e d  th an  th e  co rrespond ing  ( z ) - r j ^  and (z ) -1 ^ 4  
which have a phenyl group c i s  to  th e  v in y l i c  hydrogen. The p y r id in e  
n i t ro g e n  lo n e - p a i r  e l e c t r o n s  undoubtedly  causes  t h i s  a d d i t io n a l  d e s h ie ld in g .
The (z ) - iso m e rs  in  T ab les  VI and VII a l s o  show a  g e n e ra l  t re n d  
to  e x h ib i t  th e  h ig h e r  m e lt in g  p o in t  an d /o r  b o i l i n g  p o in t .  Although a 
few ex ce p tio n s  may be n o te d ,  t h i s  r e l a t i o n s h i p  i s  e s p e c i a l l y  t r u e  f o r  
th e  compounds which c o n ta in  a p y r id in e  m oiety .
Although th e  ( z ) - d ip y r i d y l  o l e f i n s  cou ld  now be sy n th es iz ed  
in  n e a r ly  q u a n t i t a t i v e  y i e ld  and subsequen tly  pho to isom erized  to  the
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d e s i r e d  (E ) - iso m e r ,  f u r t h e r  n u c le o p h i l i c  c y c l i z a t i o n  r e a c t io n s  have 
n o t  been s u c c e s s f u l .  For s im i l a r  reaso n s  the  2 -p y r id y l  W i t t ig  re a g e n t  
18^ was no t i n v e s t i g a t e d .  However, a n o th e r  pathway was e n v is io n ed  in  
which a c i s - d ip y r i d y l  o l e f i n  t h a t  d id  not have an a c t i v a t i n g  ca rbony l
s u b s t i t u e n t ,  might be c y c l i z e d .  S y n th es is  o f  1 ,2 - d i [ 2 - ( 6 - m e th y l p y r id y l ) ] -  
e th en e  (120^ was accom plished by s ta n d a rd  methods (Scheme IX ). A low 
y i e l d  o f  pure o l e f i n  was o b ta in e d  b u t  th e  p r e v io u s ly  u n d e te c te d  8 ^  was 
a l s o  I s o l a t e d .  O le f in  12^ was pho to isom erized  to  (17$) th e  c i s - iso m er  
188 by th e  u s u a l  t r e a tm e n t  (6 hours i n  s u n l ig h t )  of a 5 x 10”3 M benzene 
s o lu t i o n  bu t on lo n g e r  exposure time th e  y i e ld  was t r i p l e d  (46$).  
S im i la r l y ,  isom ers o f  8 ^  were sought b u t  no t r e a l i z e d  s in c e  th e  pho to ­
l y s i s  m ix tu re  was very  d i f f i c u l t  to  s e p a r a t e .  C ontinu ing  in  t h i s  
d i r e c t i o n ,  1 ,2 -d i [2 - (6 -h y d ro x y m e th y lp y r id y l) ] e th e n e  (12^) was sy n th e s iz e d  
as  shown in  Scheme IX. The y i e l d s  o f  some s te p s  were l e s s  th an  r e p o r te d  
b u t  th e  h y d ro ly s i s  o f  th e  d i a c e t a t e  122 was improved from 81$ to  98$ , 
r e s u l t i n g  in  an o v e r a l l  c o n v e rs io n  to  12^ from 120  ̂ e q u iv a le n t  to  th e  
re p o r te d  " ^ a m o u n t .  t r a n s - 1 ,2 -D if2 -  (6 -ch lo ro m eth y lp y r  i d y l ) je th e n e  ( 1 8 ^
j s a < x = c o
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was e a s i l y  o b ta in ed  (83$) from 12^ by t re a tm e n t  w ith  th io n y l  c h l o r i d e .  
Using v a r io u s  p h o to ly s i s  c o n d i t io n s  ( see  E x p e r im e n ta l) ,  18^  was i s o -  
merized to  th e  c i s - isom er 190.  rwv'
1)3^ by t h i c k - l a y e r  chrom atography, i t  cou ld  not be o b ta in e d  in  pure 
form due to  the  c o - e l u t i o n  o f  a sm all amount (£  10$) o f  a p r e s e n t ly  
u n id e n t i f i e d  p h o to ly s i s  p ro d u c t .  P re l im in a ry  co u p l in g  r e a c t io n s  w ith  
lgO  ̂ by such d iv e r s e  re a g e n ts  as p h e n y l l i th iu m ,  n - b u ty l l i t h iu m ,  magnesium, 
and sodium were u n su c c e s s fu l  s in c e  the  only  i d e n t i f i a b l e  compound i s o ­
la t e d  was u n re a c te d  s t a r t i n g  m a te r i a l .  Such m e ta l-h a lo g e n  exchange 
r e a c t io n s  a re  more s u c c e s s fu l  w ith  d ibrom ides bu t has no t been a t ­
tempted w ith  lg(D (X = Br).
In  view o f  th e  d i f f i c u l t y  in  p re p a r in g  compounds, such as 1̂ 0 , 
as w ell  as th e  a p p a re n t ly  enhanced n u c le o p h i l l c  s e n s i t i v i t y  o f  c i s -  
o r ie n te d  d l ( 2 - p y r id y l ) e th e n e s  an o th e r  r o u te  was e n v is io n ed  which would 
coneommitantly p r o t e c t  and r i g i d l y  hold  th e  2 -p y r id y l  r in g s  in  th e  
d e s i r e d  " c i s " o r i e n t a t i o n .  For example, a  D ie l s -A ld e r  o r  h + 2 cy c lo -  
a d d i t lo n  o f  a s u i t a b l e  d ien e  m oiety  w ith  a 6 - s u b s t i t u t e d  d i ( 2 - p y r i d y l ) -  
a c e ty le n e  would g ive  a s u b s t i t u t e d  c i s - 1 , 2- d i ( 2- p y r id y l ) e th e n e .  To 
b eg in  i n v e s t i g a t i o n  o f  t h i s  ro u te  p re l im in a ry  r e a c t i o n s  were conducted 
w ith  th e  s im ple  d i ( 2- p y r id y l ) a c e ty l e n e  1̂ .  A ce ty lene  lg £  was p rep a red  
w ith  s l i g h t  m o d i f ic a t io n s  o f  l i t e r a t u r e  p r o c e d u r e s .138*139
S ince  the  i n i t i a l  co n d en sa t io n  in  th e  p resen ce  o f  a c e t i c  
anhydride  was th e  poor s te p  o f  th e  s y n th e t i c  sequence an a t tem p t was 
made to  improve th e  y i e l d  by u t i l i z a t i o n  o f  th e  " a n i l  s y n t h e s i s " . 123*124 
The 2-p y r id in eca rb o x a ld eh y d e  a n i l  1̂  was p repared  in  e x c e l l e n t  y i e ld  
(91-97$) w ith  an a z e o t ro p ic  m o d i f ic a t io n  o f  s im i l a r  c o n v e n t io n a l  p ro ­
c e d u re s .  However, i n  c o n t r a s t  t o  th e  su ccess  o b ta in e d  in  th e  p r e p a r a t io n
Although 1^0 could  be s e p a ra te d  from
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o f  the  " a n i l  s y n th e s i s "  o f  gave only  a  poor y i e ld  as determ ined  
by t i c  in  p re l im in a ry  experim en ts .  The m ajor p ro d u c t ,  ( E ) - l ,2 -d ia n i l in o -  
1 ,2 - d i ( 2 - p y r id y l ) e t h e n e  ( ! £ £ ) ,  o f  th e  r e a c t i o n  r e s u l t e d  from s e l f  
co n d en sa t io n  o f  Jgk.  The fo rm atio n  o f  l<}Jj in  th e  a t tem p ted  " a n i l  
s y n th e s i s "  can be ex p la in ed  by th e  t> b u to x id e  l i b e r a t i n g  th e  re q u ire d  
c a t a l y t i c  cyan ide  ion  from th e  "hydrogen cyan ide  im purity"-150 in  N,N- 
dlm ethylform am lde. Indeed , th e  s t r u c t u r e  o f  1 ^  i s  supported  by th e  
f a c t  t h a t  a cyan ide  ion  c a ta ly z e d  b e n z o in - ty p e  co n d en sa t io n  o f  1 ^  p ro ­
v id e s  a f a i r  y i e l d  (61$) o f
D i ( 2 - p y r id y l ) a c e ty le n e  ( l ^ , )  r e a c te d  w ith  cv-pyrone (1^6) a t  
h igh  te m p era tu re s  t o  a f fo rd  (53$) 1 ,2 -d i (2 -p y r id y l )b e n z e n e  ( l£ £ )  a f t e r
195
193 197
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concommitant lo s s  o f  carbon d io x id e .  C yclopen tad iene  and fu ra n  f a i l e d
x-
to  r e a c t  w ith  1̂  under th e se  c o n d i t io n s .  Although a r e t r o  D ie l s -  
A lder r e a c t i o n  o f  1̂ ^  would not be p o s s i b l e ,  th e  d e s i r e d  c i s - o r i e n t a t i o n  
o f  th e  2 - p y r id y l  r ir igs  was o b ta in ed  and a t  th e  same tim e p ro te c te d  w ith  
a group i n e r t  to  subsequent n u c le o p h i l i c  t r a n s fo rm a t io n s .  T h e re fo re ,  
i n  o rd e r  to  p re p a re  th e  r e q u i s i t e  1 ,2 -d i (2 -p y r id y l )b e n z e n e  w ith  s u i t a b l e  
s u b s t i t u e n t s  f o r  an ev en tu a l  r in g  c lo s u re  r e a c t i o n ,  th e  sequence shown 
in  Scheme XV was i n i t i a t e d .  D i[2- (6 -m e th y lp y r id y l ) ] a c e ty le n e  ( l ^ ) , 
p repared  from 120  ̂ in  two s t e p s ,  was r e a c te d  w ith  a -pyrone  (lj-Jjo) to  
a f fo rd  200 . N e u tra l  o x id a t io n  of 200 w ith  a s l i g h t  excess  o f  the  
t h e o r e t i c a l  amount o f  po tass ium  permanganate in  d i l u t e  aqueous medium 
and subsequen t e s t e r i f i c a t i o n  r e s u l t e d  in  £ a .  21$ o f  the  d e s i r e d  d i ­
e s t e r  201 . The amount o f  s t a r t i n g  m a te r i a l  recovered  and th e  composi-
r > A A j
t i o n  o f  th e  rem ain ing  p roduc ts  v a r ie d  w ith  c o n d i t io n s  o f  r e a c t io n  and 
p u r i t y  o f  s t a r t i n g  m a te r i a l .  With th e  e q u iv a le n t  amount o f  o x id a n t ,  
about 20$ o f  th e  s t a r t i n g  amount o f  200^was reco v e re d ,  whereas w ith  a 
l a rg e  excess  o f  o x id a n t ,  f u r t h e r  o x id a t io n  o ccu rred  to  g iv e  204 , a f t e r  
e s t e r i f i c a t i o n .  I f  ch ro m a to g rap h ica lly  pure  200^ was o x id iz e d ,  th e  mono­
e s t e r  202 could  a l s o  be i s o l a t e d .  However, o x id a t io n  o f  200 which had 
been p u r i f i e d  by d i s t i l l a t i o n  a f fo rd e d  two a d d i t io n a l  e s t e r s ,  l£ £  and 
20^ .  These p ro d u c ts  r e s u l t  from o x id a t io n  o f  a c e ty le n e  1̂ ,  which was 
d e te c te d  by t i c  in  th e  d i s t i l l a t e  o f  200 .̂ Thus, only th e  d e s i r e d
The r e a c t io n s  o f  d ia ry l a c e ty le n e s  w ith  a ry lc y c lo p e n ta d ie n e o n e s , which 
bo th  c o n ta in  th e  2 -p y r id y l  g roup, a re  th e  s u b je c t  o f  a s e p a ra te  p r o je c t  
( s e e  Appendix I I ) .
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d i e s t e r  201 cou ld  be s e p a ra te d  from th e  m ix tu re  o f  e s t e r s  (20l~20JO
1 ' r w v  r»rsf*J
norm ally  o b ta in e d .  P re l im in a ry  r e a c t io n s  to  p re p a re  th e  d i o l  20£ and
CH
2 0 3
t h e  d ic h lo r id e  have been conducted . P re v io u s ly  d isc u s s e d  methods 
were u t i l i z e d ,  bu t  th e  sm all  amounts o f  201 a v a i l a b l e  a f t e r  arduous 
chromatography p rec lu d ed  any o p t im iz a t io n  o f  th e s e  subsequent r e a c t i o n s .  
However, u n le s s  th e  o x id a t io n  s te p  can be improved to  g ive  a h ig h e r  
y i e ld  o f  2Q1, t h i s  r o u te  to  p y r id in e  m acrocycles 20£ must a l s o  be r e ­
c o n s id e re d .  At th e  same time th e s e  r e a c t io n s  were being  p u rsu ed ,  th r e e  
a d d i t io n a l  pathways to  v a r io u s  m acrocyc lic  system s were a l s o  be ing  
i n i t i a t e d .
A co n d en sa t io n  ro u te  which could  u t i l i z e  th e  t r a n s  o l e f l n i c  
l in k a g e s  was e n v is io n ed  as shown in  Scheme XVI. The p h tha la ldehyde  
moiety  c o n ta in s  th e  n ece ssa ry  " c i s " o l e f l n i c  l in k a g e  bu t p ro te c te d  as 
th e  p re v io u s ly  d is c u s s e d  system w ith  th e  in h e re n t  a rom a tic  r in g .
Thermal o r  photochem ical e l e c t r o c y c l i z a t l o n  o f  209 would g iv e  210, which
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could  be a rom atized  to  211 by m ild  o x id a t io n .  B efore conduc t ing  t h i s  
more complex c o n d e n sa t io n ,  an a t te m p t was made to  u t i l i z e  th e  " a n i l  
c o n d e n sa t io n " .  U t i l i z a t i o n  o f  th e  p h th a la ld e h y d e  d i a n i l  r a t h e r  than  
a p y r id in e  a n i l  should  a l s o  c ircum vent th e  p r e v io u s ly  encoun te red  
problem o f  s e l f - c o n d e n s a t io n  o f  th e  p y r id in e  a n i l .  However, r e a c t io n  
o f  p h th a la ld e h y d e  (2013) w ith  a n i l i n e  d id  not g iv e  th e  d i a n i l  21̂  bu t  
2 -p h e n y l- l -p h e n y l im in o iso in d o le n e  (,21^,) which r e s u l t e d  from f u r t h e r  
r e a c t io n  o f  th e  i n i t i a l l y  formed d i a n i l .  T h e re fo re ,  th e  ro u te  was no t  
con t inued  a t  t h i s  t im e ,  bu t  should  be more tho rough ly  i n v e s t ig a t e d .
V ogtle  and Zuber144 have shown t h a t  1 ,3 -d i(brom om ethyl)benzene
(21^) r e a c t s  w ith  d i e th y l  sod iom alonate  to  g ive  21j5 and th e  [3*3»3]“ 
m etacyclophane 21£ in  90$ and 2$ , r e s p e c t iv e l y  (Scheme XVII). F u r th e r ­
more, base  induced r e a c t i o n  o f  216 and a d d i t i o n a l  215 under h ig h - d i lu t i o n
H
m
m , m .
219/VSIV
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c o n d i t io n s  p rov ided  (7$) th e  [ 3 . 3 . 3 0 ]metacyc l°phane  218. A ttem pting  
th e  same p rocedures  by s u b s t i t u t i o n  o f  £ 1^  w ith  2 , 6-d i(c h lo ro m e th y l)~  
p y r id in e  (7^) gave (c a . 82$) U n fo r tu n a te ly ,  no p y r id in e  m acrocycle
could  be d e te c te d  in  o r  be induced to  c r y s t a l l i z e  from the  r e a c t io n  
m ix tu re .  The crude m ix tu re  c o n ta in in g  21^  could  no t be analyzed  by 
g lc  o r  p u r i f i e d  by d i s t i l l a t i o n  due to  decom position  a t  e le v a te d  tem­
p e r a t u r e s ,  bu t  cou ld  be i s o l a t e d  by chromatography and then  
d i s t i l l e d  w ithou t decom position . The s i m i l a r  h igh  d i l u t i o n  r e a c t io n  
was conducted bu t no i d e n t i f i a b l e  p roduc t could  be i s o l a t e d .
F i n a l l y ,  p y r id in e  m acrocycles have been p repared  by u t i l i z a ­
t i o n  o f  th e  " tem p la te  e f f e c t " .111 As i l l u s t r a t e d  in  Scheme XVIII, 
r e a c t i o n  o f  an j j i  s i t u  g en e ra ted  sodium s a l t ( s )  o f  2 , 6-d i(h y d ro x y m e th y l) -  
p y r id in e  (jir)  w ith  a » a /-d ib rom o-o-xy lene  (220) a f fo rd e d  th e  s e r i e s  o f  
a z a e th e r  m acrocycles 221^. However, on ly  th e  second (22-membered r in g )  
and t h i r d  (33-membered r in g )  members o f  th e  sequence 221 have a t  t h i s  
tim e been i s o l a t e d  in  s u f f i c i e n t  q u a n t i ty  to  d e te rm ine  the  s t r u c t u r e s  
w ith  a b s o lu te  c e r t a i n t y ,  1|0$ and 9$ y i e l d ,  r e s p e c t i v e l y .  O ther p ro d u c ts  
in  th e  m ix tu re  b e l ie v e d  to  be s t i l l  l a r g e r  m acrocycles can be d e te c te d  
by t i c  u s ing  a more p o la r  s o lv e n t  system . The s t r u c t u r e  p ro o f  o f  such 
l a rg e  m olecu les  added s t i l l  a n o th e r  dim ension o f  d i f f i c u l t y .  The nmr 
s p e c t r a  f o r  bo th  compounds e x h ib i te d  the  expected  two s i n g l e t s  f o r  th e  two 
d i f f e r e n t  m e thy lenes ,  and th e  complex a rom atic  enve lope .  Normal mass 
s p e c t r a l  d a ta  f o r  bo th  compounds in d ic a te d  th e  b e n z y l - ty p e  e t h e r  l in k a g e  
to  be ex trem ely  l a b i l e .  However, a mass spectrum which e x h ib i te d  the  
p a re n t  ion was o b ta in ed  f o r  221  ̂ (n = 2 ) u s in g  low v o l t a g e ,  a re v e r s e  
scan  te c h n iq u e ,  and a superimposed f lu o ro c a rb o n  coun tin g  a i d .  This
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com bination  o f  te ch n iq u es  In c reased  th e  r e l a t i v e  abundance o f  h igh  
mass peaks and enab led  th e  p a re n t  peak (482) to  be d e te rm ined .  The 
m o lecu la r  w eight o f  bo th  compounds was determ ined  very  a c c u r a te ly  
(0 -5#  e r r o r  from c a l c u la te d  v a lu e s )  by osm otic  p re s s u re  method in  ben­
zene .  S ince  P ed erso n 148*149 has shown t h a t  th e  m olar e x t i n c t i o n  
c o e f f i c i e n t  o f  s im i l a r  "crown e t h e r s "  can be  c o r r e l a t e d  w ith  th e  t o t a l  
number o f  a ro m a tic  r i n g s , t h i s  te ch n iq u e  was employed to  f u r t h e r  sub­
s t a n t i a t e  th e  s t r u c t u r e  of 221 (n  = 3 ) .  The m olar e x t i n c t i o n  c o e f f i -  
c i e n t  o f  221 (n = 3 ) was c a l c u la te d  as  3 /2  t h a t  o f  221 (n = 2 ) ,  o r  
14 ,070 , and was found to  be 13,050  (8$ e r r o r ) .  The compounds can be 
e a s i l y  named by th e  proposed methods o f  Th. Kaufmann146 (a  group- 
s u b s t i t u t i o n  nom encla ture) o r  V ogtle  and Neumann93 (a  "phane" nomencla­
t u r e ) .  P re fe re n c e  i s  r e a d i ly  g iven  to  th e  proposed nom encla ture  o f  
Th. Kaufmann in  which 221^ (n = 2) and 221  ̂ (n = 3 ) would be s i g n i f i e d  as
4 ,5»9>43- t e t r a o x a - 7 , l5 “ d i ( 2 , 6 ) p y r i d a - 3 » l l " d i ( l > 2 )phenacyclohexadecane
and 1 , 5 , 9 , 1 3 ,1 7 ,2 1 - h e x a o x a -7 , l5 > 2 3 - t r i ( 2 ,6 ) p y r id a - 3 ,1 1 , 1 9 - t r i ( l ,2 ) -  
p h e n a c y c lo te t r a c o s a n e , r e s p e c t iv e l y .  The much more cumbersome IUPAC 
n om encla tu re147 i s  g iven  in  th e  E xperim ental S e c t io n .
To f u r t h e r  s u b s t a n t i a t e  t h a t  a te m p la te  e f f e c t  was o b ta in in g ,  
two a d d i t i o n a l  r e a c t io n s  were conducted . A h igh  d i l u t i o n  r e a c t i o n , 84 ,85  
a l th o u g h  in  a somewhat d i f f e r e n t  s o lv e n t  sy stem , showed no a p p re c ia b le  
change i n  th e  p ro d u c ts  o r  in  t h e i r  r a t i o s .  The f a c t  t h a t  incom ple te  
r e a c t i o n  was observed  i s  p robably  due only t o  th e  lower s o lv a t io n  a b i l i t y  
o f  th e  mixed s o lv e n t  system . A nother r e a c t i o n  was conducted i d e n t i c a l  
to  th e  p r e p a r a t io n  o f  221,, excep t t h a t  T r i t o n  B, o r  b e n z y l t r im e th y l -  
ammonium h y d ro x id e ,  was s u b s t i t u t e d  f o r  th e  sodium h y d r id e  b a s e .  S ince
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only  In s o lu b le  po lym er(s)  r e s u l t e d ,  t h i s  supported  th e  Idea  o f  sodium 
c a t io n  r e a c t in g  as  a  te m p la te .
As an i l l u s t r a t i o n  o f  th e  a l k a l i  m e ta l  complexing a b i l i t y  o f  
s im i l a r  "crown e t h e r s " ,  P ed erso n 148>149 has  d e sc r ib e d  th e  s y n th e s i s  o f  
v a r io u s  complex s a l t s .  In  t h i s  manner, 22^  (n  » 2) formed a complex 
w ith  sodium th io c y a n a te  t h a t  was unchanged r e g a r d l e s s  o f  th e  number o f  
e q u iv a le n ts  o f  sodium th io c y a n a te  used . That a m acrocyc llc  complex 
s a l t  was formed was shown by th e  f a c t  t h a t  th e  m e l t in g  p o in t  o f  th e  new 
complex was h ig h e r  (c a .  50° )  th a n  th e  m e lt in g  p o in t  o f  pu re  221 (n » 2 ) .
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SUMMARY AND CONCLUSIONS
As d isc u sse d  In  th e  In t r o d u c t io n - P a r t  I I ,  t h e r e  a r e  g e n e ra l ly  
th r e e  methods o f  c o n t ro l  t h a t  e f f e c t  r in g - c l o s u r e  and form 2 ,6 -  
p y r id in o -m a c ro c y c le s : 1) s t ro n g  s t e r l c  I n t e r a c t i o n s  between r e a c t a n t s  
which p rec lu d e  th e  fo rm ation  o f  u n fa v o ra b le  iso m e rs ,  2) u t i l i z a t i o n  o f  
th e  h igh  d i l u t i o n  techn ique  to  in c re a s e  th e  p r o b a b i l i t y  o f  in t ra m o le ­
c u l a r  c y c l i z a t i o n ,  and 3 ) u t i l i z a t i o n  o f  a m e ta l  ion  as a  c e n t r a l  
c o o rd in a t io n  s i t e ,  o r  te m p la te .  The s y n th e s i s  o f  r e q u i s i t e  compounds 
and th e  subsequent s tu d i e s  o f  approaches u t i l i z i n g  s t e r e o e l e c t r o n i c  
o v e r la p  c o n t ro l  to  e f f e c t  c y c l i z a t i o n  d u r in g  con d en sa t io n  were conducted .
S y n th e t ic  p rocedures  were found f o r  the  e f f i c i e n t  p r e p a r a t io n  
o f  2 , 6 - p y r i d i n e d i a c e t o n i t r i l e  (77) and th e  co rre sp o n d in g  d l a c e t a t e s  67 
and 7£. The key in t e r m e d ia te ,  2 ,6 -d i(h y d ro x y m e th y l)p y r id in e  ( l b )  » was 
p repa red  in  70- 98$  y i e ld  in  two s te p s  from th e  com m ercially  a v a i l a b l e  
d l a c ld .  An improvement to  th e  r e p o r te d  p rocedu res  f o r  p r e p a r a t io n  o f
2 .6 -d i (p h e n a c y l )p y r id in e  (̂ 70) u t i l i z e d  th e  " a n i l  s y n th e s i s "  in  which
2 .6 -d im e th y lp y r id in e  (jj?0) was condensed w ith  b e n z a la n i l ln e  (167) to  
a f fo rd  (78$) 2 , 6 - d i s t y r y l p y r i d i n e  (613). 2 ,6 -P y r id in e d ic a rb o x a ld e h y d e  
(8^) was a l s o  p repared  e a s i l y  from th e  in te rm e d ia te  d io l  by o x id a t io n  
w ith  le ad  t e t r a a c e t a t e .
In  co n n ec tio n  w ith  th e  above s y n th e s e s ,  a f e a s i b i l i t y  s tudy  
was made on methods f o r  th e  p r e p a r a t io n  o f  2 , 6 - p y r i d in e d i a c e t a t e s  d i ­
r e c t l y  from 2 ,6 -d im e th y lp y r id in e  ( ^ ) .  S y n th e s is  o f  such sym m etr ica lly  
s u b s t i t u t e d  2 ,6 -d im e th y lp y r id in e s  i n  s i t u  was shown im poss ib le  f o r  any 
s u b s t i t u e n t  t h a t  enhances the  a c i d i t y  o f  th e  r e s u l t a n t  methylene p ro to n s .
129
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F or example, f u r t h e r  r e a c t io n  o f  th e  i n i t i a l l y  formed e th y l  2 - (6 -  
m e th y lp y r id y l ) a c e ta te  (66) occu rred  s p e c i f i c a l l y  a t  th e  m ethylene (now 
a c t iv a t e d  by bo th  th e  2 -p y r id y l  and th e  carbox .y la te  fu n c t io n s )  to  
a f f o r d  d ie th y l  2 - (6 -m e th y lp y r id y l)m a lo n a te  ( l ^ ) .  C onverse ly ,  2 ,6 -  
d im e th y lp y r id in e  (jjjO) can be sym m etr ica lly  d i s u b s t i t u t e d  i f  th e  
s u b s t i t u e n t  group ( a lk y l )  does no t enhance the  a c i d i t y  o f  th e  r e s u l t a n t  
p y r id y l-m e th y le n e  hydrogens. A l t e r n a t i v e l y ,  a s o lu t i o n  o f  th e  2 ,6 -  
d im e th y lp y r id in e  sym m etrical d ia n io n  can  be g en e ra ted  and su b seq u en tly  
added to  th e  d e s i r e d  s u b s t i t u t i n g  rea g e n t  (a c y l  o r  a l k y l ) .  However, 
t h e  e x te n t  o f  d ia n io n  fo rm ation  was low (^  25$) under th e  r e a c t i o n  
c o n d i t io n s .  T h e re fo re ,  t h i s  ro u te  to  2 ,6 - p y r i d in e d i a c e t a t e s  was aban­
doned in  fa v o r  o f  th e  p re v io u s ly  d is c u s s e d  ro u te  from 2 ,6 -d i (h y d ro x y -  
m ethy1)p y r id in e  ( j h ) .
The e n v is io n ed  c y c lo co n d en sa t io n s  o f  th e s e  2 , 6 - d i s u b s t i t u t e d  
p y r id in e s  r e s u l t e d  in  fo rm a t io n  o f  only  complex polym eric  p ro d u c ts .  
T h e re fo re ,  in  o rd e r  to  d e f in e  optimum param eters  f o r  th e  d e s i r e d  c y c lo ­
co n d en sa t io n s  as w ell  as to  develope a r a t i o n a l i z a t i o n  o f  th e  i n i t i a l  
f a i l u r e s  o f  t h i s  method, an I n v e s t i g a t i o n  was made o f  th e  analogous bu t 
more sim ple m o n o -su b s t i tu te d  p y r id in e  compounds. P e rk in  and Knoevenagel 
co n d en sa t io n s  u s in g  th e  th e rm a l ly  s t a b l e  e th y l  2 -p y r id y la c e ta te  (12) o r  
Of-(2 -p y r id y l)a c e to p h e n o n e  (6) w ith  2 -p y r id in eca rb o x a ld eh y d e  (8^,) > led  
to  an unexpected predominance o f  th e  ( z ) - o l e f i n  ( t r a n s  a rom atic  r i n g s ) .  
T h is  anomally was found to  be a r e s u l t  o f  n u c le o p h i l i c  a d d i t io n  to  the  
i n i t i a l l y  formed c i s  isomer fo llow ed by p r e f e r r e d  e l im in a t io n  to  th e  
t r a n s  isom er,  which i s  no t s u b je c t  to  f u r t h e r  n u c le o p h i l i c  a d d i t io n .  
I s o l a t i o n  o f  th e  in te rm e d ia ry  a lc o h o ls  o r  p ip e r i d in e  adduc ts  and sub­
seq u en t e l im in a t io n s  a f fo rd e d  on ly  th e  ( z ) - o l e f i n s .  However, th e
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(E )-isom era  o f  th e  2 ,3 -d ia ry l - l -p h e n y lp ro p -2 -e n o n e s  and th e  e th y l  2 ,3 -  
d i a r y l a c r y l a t e s  were p repared  In good to  e x c e l l e n t  y i e l d s  by photo­
chem ical I so m e r iz a t io n  o f  th e  co rrespond ing  ( z ) - l s o in e r s .  Thus, the  
r e q u i s i t e  ( E ) - 6 - s u b s t i t u t e d - 2 - p y r i d y l - o l e f i n s  ( c i s  o r i e n t e d  arom atic  
r i n g s )  could  be o b ta in ed  from th e  £ a .  q u a n t i t a t i v e l y  o b ta in ed  (z ) - is o m e rs  
b u t  th e  in h e re n t  s e n s i t i v i t y  t o  n u c le o p h i le s  would p re c lu d e  success  of 
th e  examined cy c lo co n d en sa tio n  p rocedure .
During th e  p r e p a r a t io n  o f  e th y l  2 - p y r id y l a c e t a t e  ( l£ )  th e  p re ­
v io u s ly  u n d e tec te d  l - c a r b e th o x y -2 -h y d ro x y -3 - (2 -p y r id y l ) - ^ H -q u in o l iz in -  
l*-one was i s o l a t e d  and c h a r a c te r i z e d  (Appendix i ) .
£ i8 -6 -S u b s t i t i* t e d - d i ( 2 - p y r id y l ) e th e n e s  were p repared  by 
photochem ical i s o m e r iz a t io n  o f  th e  co rrespond ing  t r a n s - iso m e rs .  D ie l s -  
A ld e r  r e a c t io n s  between a -py rone  and 6 - s u b s t i t u t e d - 2 - p y r id y l a c e ty l e n e s  
have been u t i l i z e d  to  p re p a re  s im i l a r  c i s  o r ie n te d  p y r id y l  system s. The 
key c y c l i z a t i o n  s te p  has n o t  been s u c c e s s f u l ,  bu t should  be more f a c i l e  
w i th  th e  r e s p e c t iv e  bromides r a t h e r  th an  c h l o r i d e s .  A lthough th e s e  
r o u te s  a re  no t  very  e f f i c i e n t ,  they would p ro v id e  unique m acrocyc lic  
l ig a n d s  and th e r e f o r e  should  be pursued  f u r t h e r .
A s tudy  o f  the  D ie l s -A ld e r  r e a c t io n s  o f  t e t r a a r y l c y c lo p e n t a -  
d ieneones  and d i a r y l a c e t y l e n e s , which both  c o n ta in  th e  2 -p y r id y l  group , 
has been i n i t i a t e d  (Appendix I I ) .  Although cy c lo co n d en sa t lo n s  u s in g  
th e  " a n i l  s y n th e s i s "  have been e n v is io n e d ,  th e se  ro u te s  have been 
te m p o ra r i ly  abandoned f o r  two rea so n s :  1) 2 -p y r id in eca rb o x a ld eh y d e
a n i l  (l^J,) undergoes f a c i l e  s e l f - c o n d e n s a t io n  under th e  r e q u ire d  r e ­
a c t i o n  c o n d i t io n s ,  and 2) th e  d i a n l l  o f  o -p h th a la ld e h y d e  cannot be 
i s o l a t e d  due to  in t r a m o le c u la r  c y c l i z a t i o n  to  2 -p h en y l- l -p h e n y lim in o -  
l s o ln d o le n e  (21^) .
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However, s y n th e s i s  o f  2 ,6 -p y r id in o -m a c ro c y c le s  by th e  tem p la te  
c o n t ro l  method was shown to  e a s i l y  e f f e c t  th e  c y c l i z a t i o n  s t e p ,  even 
w ith  a l k a l i  m e ta l c a t io n s  which a re  removed d u r in g  the  work-up p ro ce ­
d u re s .  In  t h i s  manner 1 ,5 ,9 > l3 “ t e t r a oxa-7> l5“d i ( 2 , 6 ) p y r i d a - 3 , l l -  
d l ( l ,2 )p h e n a c y c lo h e x a d e c a n e  (221^, n = 2) and 1 , 5 ,9 »l3 >1 7 »21-hexaoxa- 
7 , l 5 »23- t r i ( 2 , 6 ) p y r ld a -3 , l l , l 9 - t r l ( l » 2 )p h e n a c y c lo te t ra c o sa n e  (221, n =
3) were sy n th e s iz e d  in  1(0$ and 9$  y i e l d ,  r e s p e c t i v e l y .  The scope o f  
t h i s  tem p la te  method has been broadened s in c e  i t  can now be u t i l i z e d  
to  p re p a re  th e  p a re n t  2 ,6 -p y r id in o  m acrocyc lic  l ig a n d s  and su b se q u en tly  
complexed w ith  th e  d e s i r e d  m e ta l s a l t .
F u tu re  endeavors a long  th e se  l i n e s  should  u t i l i z e  th e  removable 
s u l f u r  atom76’8 6 ’95 r a t h e r  than  oxygen and should  in c o rp o ra te  a d d i t i o n a l  
o -p y r id y l  m o i e t i e s ,  o r  o th e r  r e l a t e d  a - h e t e r o c y c l e s .  For example,
2 , 6-d i(b ro m o m eth y l)p y r id in e  and 2 , 6 -d i ( m e th y le n e th io l ) p y r id in e
re a c te d  under te m p la te  c o n d i t io n s  should  g iv e  l , 5 ,9 »l3- t e t r a t h io -  
3 , 7 , l l , l 5 - t e t r a ( 2 ,6 ) p y r i d a c y c l o h e x a d e c a n e  ( £ ,  n = 3 ,  X = s )  as the  
m ajor p ro d u c t .  Removal o f  th e  s u l f u r  a tom s, as  p re v io u s ly  d i s c u s s e d ,  
from £  would a f fo rd  e n t ra n c e  in to  th e  i n i t i a l l y  d e s i r e d  sy stem s, 1 ,4 ,7»10 -  
t e t r a ( 2 , 6 )pyridacyc lododecane  ( 1̂  n = 3 ) and 1 ,l*,7 | 10- t e t r a ( 2 , 6 )p y r id a -  
c y c lo d e c a -2 , 5 ,8 , l l - t e t r a e n e  (£ ,  n = 3 ) .
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Chemistry o f  H e te ro c y c l ic  Compounds 
8 . A One-Step S y n th e s is  o f  2 -H y d ro x y -4 H -q u ln o l iz in -4 -o n es1
George R. Newkome, J .  Michael Robinson, and N. S. Bhacca 
(Department o f  Chem istry , L o u is ian a  S ta t e  U n iv e r s i t y ,  
Baton Rouge, L o u is ian a  70803)
(1) (a )  This r e s e a rc h  has been supported  by P u b l ic  H ea lth  S e rv ice
G rant No. 5-R01-MS-09930 from th e  N a tio n a l  I n s t i t u t e  o f  Neuro­
l o g i c a l  D iseases  and S t ro k e ,  th e  Pe tro leum  Research Fund, adm in is­
t e r e d  by th e  American Chemical S o c ie ty ,  and the  R esearch  C o rp o ra t io n ,  
(b) P re se n te d  in  p a r t  a t  th e  28 th  Southwest R eg ional M eeting o f  th e  
American Chemical S o c ie ty ,  Baton Rouge, L o u is ia n a ,  December, 1972.
In  c o n n e c t io n  w ith  a  c u r r e n t  p r o j e c t  r e l a t e d  t o  c o n s t r u c t io n  
o f  h e te ro m a c ro c y c le s ,  we needed la rg e  q u a n t i t i e s  o f  s u b s t i t u t e d  e th y l  
2 - p y r i d y l a c e t a t e s .  The s im p le s t  p r e p a r a t io n  o f  e th y l  2 - p y r id y l a c e t a te  
i s  th e  c o n d e n s a t io n 2 o f  2 - p i c o l y l l i t h i u m  w ith  d i e th y l  c a rb o n a te  under 
very  m ild  c o n d i t i o n s . 3 A f te r  p ro longed e x t r a c t i o n  w ith  pe tro leum  e t h e r ,
(2) N. N. G oldberg, B. M. P e r f e t t i ,  and R. L ev ine ,  J .  Amer. Chem. S o c . ,
J l ,  3843 (1953).
(3 ) A l t e r n a te  ro u te s  a re  known; see  r e f e r e n c e s  in  r e f .  2 ,  as w e ll  as K.
W in te r fe ld  and K. F l i c k ,  A rch . P harm ., 448 ( 1956) ,  and K. W in te r fe ld
and K. Nonn, Pharm azie, 2£, 337 ( I 965 )•
th e  m ajor s id e  p ro d u c t ,  l , 3 - d i ( 2- p y r id y l ) a c e to n e ,  was recove red  in  t r a c e
amounts as  in d i c a te d  by a n a ly s i s  o f  i t s  d i p i c r a t e . 2
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R e p e t i t io n  o f  t h i s  procedure  i s  e a s i l y  accom plished . However, 
in  an i n i t i a l  a t tem p t to  I s o l a t e  in c re a se d  y ie ld s  o f  ^  and £  d u r in g  th e  
workup p ro ced u re ,  th e  s t ro n g ly  a l k a l i n e  aqueous s o lu t i o n  was n e u t r a l i z e d  
to  a  pH o f  7*5 8 by a d d i t io n  o f  d i l u t e  h y d ro c h lo r ic  a c id ;  e x t r a c t i o n
w ith  ch lo ro fo rm  a f fo rd e d  a d d i t io n a l  q u a n t i t i e s  o f  1̂  and £ ,  as  w e ll  as 
th e  p re v io u s ly  u n d e te c te d  l -ca rb e thoxy -2 -hyd roxy~ 3“ (2 -py ridy l)- l fH - 
q u i n o l i z i n - l f - o n e ^ ) . S t r u c t u r a l  ass ignm en t4 o f  k was based  upon d eg ra­
d a t io n 3 to  2 -h y d ro x y -3 - (2 -p y r id y l ) -4 H -q u in o l i z in - l | -o n e (^ )6 and upon nmr
(4 ) The i n f r a r e d  s p e c t r a l  d a ta  o f  r e l a t e d  compounds have been p re v io u s ly  
a s s ig n e d .
( 5) T. Kappe, Monatsh Chem. , 9 8 . 87^ (1967)*
(6) K. W in te r f e ld ,  W. Z e n g e r l in g ,  and M. R ink, Chem. Ann. , J 2 I ,  10lf
(1955).
a n a ly s i s  ( s e e  F ig u re  1 ) .  The nmr s p e c t r a l  comparison o f  £  and J+ i s  p a r ­
t i c u l a r l y  Im portan t i n  e s t a b l i s h i n g  th e  s t r u c t u r e  if. In  £  and if, th e  
most dow nfie ld  a b s o rp t io n s  a t  6 = 18.3 and 19*7 5 > r e s p e c t i v e l y ,  in d i c a t e  
th e  p resen ce  o f  a hydroxyl group p ro to n  t h a t  i s  s t r o n g ly  hydrogen-bonded 
to  th e  p y r id y l  r in g  n i t r o g e n  atom. O ccurrence of th e  u n u su a l ly  low 
f i e l d  resonance  a t  6 9*3^ and 9*29 fo r  th e  p y r id y l  H-3 ' p ro to n  in  £  aad 
if i s  p o s s ib le  on ly  i f  th e  p y r id y l  r in g  e x i s t s  in  a p la n a r  confo rm ation  
w ith  th e  q u ln o l lz in o n e  r i n g ;  thus  p ro to n  H -3 ' i s  s u b je c te d  to  th e  c lo s e  
p rox im ity  o f  th e  C-lf ca rbony l f u n c t io n .  The s ig n a l s  a t  6 9*00 and 9» 11- 
i n  ^  and If, r e s p e c t i v e l y ,  a r e  a ss ig n ed  to  H-6 . 7 The low f i e l d  p o s i t i o n
(7 )  K. T. P o t t s  and M. Sorm, J .  Org. Chem. , 3 6 , 8 (1971).
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I s  a t t r i b u t e d  to  a com bination  o f  a long -range  d e s h le ld in g  p e r i  e f f e c t  
due to  th e  C- 4  carbony l f u n c t io n  and an a - e f f e c t  o f  th e  amldo n i t ro g e n  
atom. In  Ji, th e  H-9 p ro to n  e x p e r ie n c e s  a s im i l a r  p e r i  e f f e c t  from the  
C - l  carbe thoxy  group ; however, i n  th e  absence o f  t h i s  lo n g -ran g e  in ­
t e r a c t i o n  causes  th e  H-9 resonance  to  s h i f t  u p f ie ld  by ~ 0 . 5  ppm. The 
rem ain ing  chem ical s h i f t s  and co u p l in g  c o n s ta n ts  a re  in  e x c e l l e n t  accord  
w ith  th e  a ss ig n ed  s t r u c t u r e s .
S e l f  con d en sa t io n  o f  e th y l  2 - p y r id y l a c e t a t e  (1 )̂ has been 
dem o n stra ted6 ’8 to  a f fo rd  ^  v i a  th e  pathway 1̂  -» 16 -» S i m i l a r l y ,  the  
p r e p a r a t io n  o f  l-ca rbom ethoxy-3- (2 -p y r id y l) - l* H -q u in o liz in -h -o n e  (Q) has 
been accom plished u t i l i z i n g  e th y l  o r th o fo rm a te  a s  th e  sou rce  o f  th e  C-3  
r in g  atom . 9 Unexpected fo rm ation  o f  th e  m ajor i s o l a t e d  q u in o l iz ln o n e  k,
(8 ) K. W in te r f e ld ,  G. Wald, and M. R ink, Chem. Ann. . Ĵ>8 8 , 125 (1955)*
(9 ) (a )  G. R. Clemo, W. M. Morgan, and R. Raper, J .  Chem. Soc. , 1025
(1936); (b) N. J .  Leonard and R. E. B ey le r ,  J .  Amer. Chem. Soc. ,
JO,  2298 (19^8 ); (c )  i b i d . ,  J 2 ,  1316 (1950); (d) S. I .  Goldberg
and A. H. L ip k in ,  J .  Org. Chem. . 2 J ,  1823 (1972).
which p o s se s se s  bo th  th e  1-ca rb o e th o x y  group and f u n c t i o n a l i t y  in  th e  
2- p o s i t i o n ,  has been env isaged  as p roceed ing  through  two p o s s ib le  ro u te s  
(Scheme I ) . A l t e r a t i o n s  in  r e a c t io n  c o n d i t io n s  perm it th e  d i s t i n c t i o n  
between th e  two r o u te s .  More v ig o ro u s  c o n d i t io n s  r e s u l t  i n  (a )  i s o l a ­
t i o n  o f  th e  in te rm e d ia te  d i e th y l  2-p y r id y lm a lo n a te  ( 2 ) a long  w ith  andrsj
(b )  th e  absence o f  d e t e c ta b le  q u a n t i t i e s  o f  ke tone  which by f u r t h e r  
c a rb o e th o x y la t io n  and subsequent c y c l i z a t i o n  would g e n e ra te  These 
r e s u l t s  su g g es t  th e  fo rm ation  o f  q u in o l iz ln o n e  invo lves  ca rb o e th o x y la ­
t i o n  o f  1 th e n  n u c le o p h i l i c  s u b s t i t u t i o n  by th e  c a rb a n lo n  o f  1 on 2
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forming which c y c l i z e s  to  g ive  4̂ (Route a ) .  The a l t e r n a t i v e  o f  f u r ­
t h e r  c a rb e th o x y la t io n  o f  6 t o  g iv e  £  was deemed u n l ik e ly  under th e  r e a c t i o n  
c o n d i t io n s .
I s o l a t i o n  o f  h i s  un co m p lica ted ,  s in c e  th e  m ajor im p u r i t i e s  
a re  e a s i l y  removed by d i s t i l l a t i o n .  No a t tem p t has been made to  o p t i ­
mize th e  r e a c t io n  c o n d i t io n s .
E xperim ental S e c t io n 10
(10) M elt ing  p o in t s  were reco rd ed  in  s e a le d  c a p i l l a r y  tu b es  on a Thomas- 
Hoover m e lt in g  p o in t  a p p a ra tu s  and r.re u n c o r re c te d .  I n f r a r e d  
s p e c t r a  were determ ined  on a Perk ln -E lm er 621 sp ec tro p h o to m e te r .
Nmr s p e c t r a  were determ ined  on e i t h e r  a V arian  A ss o c ia te s  Model 
HA-100 o r  Perk in -E lm er Model R12-B s p e c t ro m e te rs ;  chem ical s h i f t s  
a re  g iven  p a r t s  p e r  m i l l i o n  r e l a t i v e  to  TMS as an I n t e r n a l  s ta n d a rd .  
A nalyses were performed by Mr. R. Seab in  th e se  l a b o r a t o r i e s .
E thy l 2 - P y r id y la c e ta t e  was p rep a red  by th e  method o f  G oldberg, 
e t  a l . , 2  from 2 - p i c o l y l l i t h i u m  and d i e th y l  c a rb o n a te .  Workup p rocedure  
d e v ia te d  s l i g h t l y  from th e  l i t e r a t u r e  p ro ced u re .  The r e a c t i o n  m ix tu re  
was poured i n t o  200 g o f  i c e  w a te r  and e x t r a c te d  w ith  s e v e ra l  200 ml p o r ­
t i o n s  o f  e t h e r .  The combined e t h e r a l  phases  were d r ie d  w ith  anhydrous 
magnesium s u l f a t e ,  c o n c e n tra te d  jln vacuo to  remove s t a r t i n g  2- p i c o l i n e ,  
and d i s t i l l e d  to  a f fo rd  13-4 g (41$) o f  e th y l  2- p y r i d y l a c e t a t e :  bp 110-
116° (6  mm) [ l i t 2 bp 110- 113° (6  mm)]; i r  (n u jo l )  1738 (C=0 ) , 1597» l l 60 
(C -0 ) ,  1036 cm- 1 ; nmr (CDCl3 ) 6 1 .23 (-CHgCHg, t ,  J  B 7 Hz), 3 .8 3  (-CHdCO. 
s ) ,  4 .17  ( - CHpCHi, q ,  J  = 7 H z), 7 .0 - 7 .8  (pyr-H , m ), and 8 . 45- 8 .6 5  (6-p y r-H ,
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m). The r e s id u e  was chromatographed on S i l i c a  Gel [cy c lo h e x a n e -e th y l  
a c e t a t e  ( 1 : 1 ) ]  a f f o r d in g  an a d d i t i o n a l  1*59 nig o f  e th y l  2- p y r id y l a c e t a t e  
and 5 .0  g (7 .1 $ )  o f  d i - 2- p lc o ly lk e to n e :  bp 170-180° ( 0 .7  mm) [ l i t 11 bp
I 3O-.I550 (9*05 mm)]; p i c r a t e  ( r e c r y s t a l l i z e d  from e th a n o l )  mp 210° ( l i t 11
(11) R. B o d a lsk i ,  J .  M ic h a ls k l ,  and B. Mlotkowska, Rocz. Chem ii, Ann.
Soc. Chim. Polonorum. 1)5. 677 (1 9&9)\ Chem. A b s t r . . 7 1 » 6ll59w 
(1969).
mp 191- 191 . 50 .
A n a l. Calcd f o r  d i p i c r a t e  (C25H1BN80 i 5 ) :  C, 1*1*.78 ;  H, 2 .7 1 ;
N, 16 .72 . Found: C, 1*1*.9 8 ; H, 2 .6 2 ;  N, 16 .77 .
The aqueous l a y e r  was then  a d ju s te d  w ith  d i l u t e  ac id  to  pH 7 .5  
t o  8 .0  and e x t r a c te d  w ith  ch lo ro fo rm . Chromatography o f  th e  d r ie d  
(magnesium s u l f a t e )  ch lo ro fo rm  e x t r a c t  gave 100 mg o f  e t h y l  2- p y r i d y l ­
a c e t a t e ,  1.11  g o f  d i - 2- p ic o l y lk e t o n e ,  and 2k mg o f  l - c a rb o e th o x y -2 - 
hydroxy-5“ (2 -p y r id y l) - l* H -q u in o liz in - l* -o n e  (1*): mp 166-167°; nmr (CDC13 )
F ig u re  1; i r  (n u jo l )  1700 ( e s t e r ) ,  I 6 52 , I 63O, 1602, I 557 , and I 23 I  cm- 1 ; 
mass spectrum : 310 (M+ ) , 3 0 9 , 261* (m+-C2H60 ) ,  237 (M+ -C3H502 ) ,  181, H*6,
91 , 78 (C5H4N ).
A n a l . Calcd f o r  C17H i4Na 0 4: C, 6 5 . 78 ; H, 1*.55 ; N, 9 .O3 .
Found: C, 65 . 56 ; H, 1*. 1*6; N, 8 . 9 9 .
R eac tio n  o f  2 - P ic o l y l l i t h iu m  w ith  D ie th y l  C arb o n a te . 1-Carbethoxy- 
2 -h y d ro x y -5 -(2 -p y r id y l) - l* H -q u in o liz in - l* -o n e  (1*) .  To a s o lu t io n  o f  phenyl- 
l i th iu m  ( a l f a  Chemical C o . , 0 . 6  m ol, 2 .2  M in  b e n z e n e -e th e r )  i n  5OO ml of 
e t h e r ,  2- p i c o l i n e  (bp 128- 129° ,  56 g ,  0 .6  mol) was added over a ten -m inu te  
p e r io d .  The s o lu t i o n  was re f lu x e d  f o r  30 m in u te s ,  th en  d i e th y l  ca rb o n a te  
(1*7 g , 0.1* mol) i n  50 ml o f  e t h e r  was added r a p id l y .  R eflux  was main­
t a in e d  f o r  an a d d i t io n a l  yo m in u tes .  The m ix tu re  was c o o le d ,  poured in to
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i c e  w a te r ,  a d ju s te d  w ith  a c id  t o  a pH ~  8 and e x t r a c te d  w ith  ch lo ro fo rm . 
A f te r  removal o f  th e  s o lv e n t s ,  as w e l l  as  u n reac ted  2 - p i c o l i n e ,  the  
r e s id u e  was f r a c t i o n a l l y  d i s t i l l e d  a f fo rd in g  2 .0  g o f  e th y l  2- p y r i d y l ­
a c e t a t e :  bp 110- 113°  (6  mm).
The d i s t i l l a t i o n  r e s id u e  (1 1 .7  g) was chromatographed a f f o r d ­
ing  917 mg o f  e th y l  2- p y r i d y l a c e t a t e ,  6 .0  g (14$) o f  4 (mp 166-167°),r\j
and I 50 mg (1$) o f  3“hydroxy-3 - ( 2 -p y r id y l ) - l tH -q u in o l iz in - l t - o n e ( (5)) ; mp 
175-177° ( l i t 6 mp 181-182°);  nmr (CDC13 ) F ig u re  1 ; i r  (n u jo l )  35OO-3 IOO 
(b ro ad ,  OH), 1667, 1641, I 6 I 3 , and I 589 .
2 - Hydroxy-3- ( 2 - p y r id y l ) -4 H -q u in o l iz in -4 -o n e  ( ^ ) . The e s t e r  4̂  
( 1.00  g ,  3-22  mmol) suspended in  100 ml o f  a 5$ sodium hydroxide s o lu t io n  
was r e f lu x e d  f o r  8 h o u rs .  A f te r  c o o l in g  to  ambient te m p e ra tu re ,  th e  pH 
was a d ju s te d  to  7 . 5”8 . The s o l u t i o n  was e x t r a c te d  w ith  ch lo ro fo rm , d r ie d  
w ith  anhydrous sodium s u l f a t e ,  and c o n c e n tra te d  jln vacuo a f fo rd in g  630 mg 
(82$) o f  2 -h y d ro x y -3 - (2 -p y r id y l ) -4 H -q u in o l iz in -4 -o n e :  mp 174 .5-176° .
R e c r y s t a l l i z a t i o n  from e th a n o l  gave an a n a l y t i c a l  sample: mp 176 . 5- 178° .
R eac tio n  o f  2 - P ic o l in e  w ith  D ie th y l  Carbonate and Sodium Hy­
d r i d e . Sodium h y d r id e  ( 50$  d i s p e r s io n ,  2 . I 5 g ,  0 .0 5  mol) in  1 ,2 -  
dim ethoxyethane (DME, 25 ml) was s t i r r e d  under n i t r o g e n  w ith  a d d i t io n  o f  
a s o lu t i o n  o f  2 - p i c o l in e  (4 .6 5  g ,  O.O5 m o l) ,  d i e th y l  c a rb o n a te  (1 1 .8  g ,
0 .1 0  mol) and DME (20 m l) .  A f te r  th e  m ix tu re  was re f lu x e d  f o r  8 h o u rs ,  
i t  was poured in t o  i c e  w a te r .  The pH o f  th e  aqueous l a y e r  was a d ju s te d  
w ith  d i l u t e  a c id  to  7«5”8 and e x t r a c te d  w ith  ch lo ro fo rm . The e x t r a c t  was 
d r i e d  w ith  sodium s u l f a t e  and c o n c e n tra te d  iji vacuo removing a l l  s o lv e n ts  
and u n reac ted  s t a r t i n g  m a t e r i a l s .  Chromatography o f  th e  rem aining  ye llow  
o i l  a f fo rd e d  322 mg (2 .7 $ )  o f  d i e th y l  2 -p y r id y lm a lo n a te :  bp I 3O -I320
(1 mm); nmr (CDC13 ) 6 1 .21 ( -CHgCHr,. t ,  J  B 7 H z), 4 .22 ( -CH^CHc. q ,
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J  = 7 H z), 5 . 0*1 (CHCO, s ) ,  7 .05  to  7 .88  (p y r -H ,  m ), and 8 . ^  to  8 .65  
(6-py r-H , m).
A na l. Calcd f o r  Cie H15N04: C, 60 . 76 ;  H, 6 . 38 . Found: C,
6 l . o 6 i H, 6 . t o .
F u r th e r  e l u t i o n  a f fo rd e d  1.099 g (13*3$) e th y l  2 - p y r id y l ­
a c e t a t e  [bp 110- 117°  (6  mm)], 131 mg (1 .7 $ )  o f  l-ca rb e th o x y -2 -h y d ro x y -3 -  
(2 -py r id y l) - l fH j q u in o l iz in -4 -o n e  (1 ,̂ mp 166-168°) and on ly  t r a c e s  o f
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FIGURE 1. Low f i e l d  re g io n  o f th e  100 MHz pmr s p e c tra  o f  ^  and in  DDC13 . The carbe thoxy  group in  th e  
spectrum  o f  4 i s  n o t shown [6 1.44 (-CHgCHn. t ,  J  = 7 Hz) and 4 .47  (-CHpCH-a, q , J  = 7 Hz)].
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RESULTS AND DISCUSSION
In  c o n ju n c t io n  w ith  o th e r  D ie l s -A ld e r  c y c lo a d d i t io n s  in  
which 2 - p y r id y la c e ty le n e s  were r e a c te d  w ith  a -p y ro n e  (l^) to  a f fo rd








t e t r a a ry lc y c lo p e n ta d ie n e o n e 8  were a l s o  i n v e s t ig a t e d .  The p r e p a r a t io n
Ar'
£  (A r ''4 «Ph) ^ ( A r ^ P h )
Ar O
o f  hexaphenylbenzene (j3) by t h i s  ro u te  i s  w e ll  known.7 However, 2- 
p y r id y l  analogues  o f  e i t h e r  £  o r  & have no t  been r e p o r te d  (T ab le  I  and
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Compound A r1 Ar2 Ar3 Ar4 mp °C v i s , \  nm(e)a  max
8
rv
Ph Ph Ph Ph 2 l9 b
JL 2-Pyr Ph Ph Ph 220-221 Itlt3(l2,9lt0)
10 Ph 2-Pyr 2-Pyr Ph 197.5-198.5 1*93(61*3)
l i 2 -Pyr Ph Ph 2-Pyr
12 2-Pyr Ph 2-Pyr Ph
& 2-Pyr Ph 2-Pyr 2rPyr
i i i 2-Pyr 2-Pyr 2-Pyr Ph
hX 2-Pyr 2-Pyr 2-Pyr 2-Pyr
a .  Methanol s o lv e n t .
b . R e fe re n c e ,7.




Compound A r1 Ar2 Ar3 Ar4 Ar5 Ar6 mp°Ca
8ro Ph Ph Ph Ph Ph Ph k63h
17rs/v 2-Pyr Ph Ph Ph Ph Ph 466
18 2-Pyr 2 -Pyr Ph Ph Ph Ph 468
& 2-Pyr 2-Pyr 2-Pyr Ph Ph Ph 473
20/N/SJ 2-Pyr 2 -Pyr 2-Pyr 2-Pyr Ph Ph
21r\/v 2-Pyr 2-Pyr 2-Pyr 2-Pyr 2 -P yr Ph
22r>r*j 2-Pyr 2 -P yr 2-Pyr 2-Pyr 2-Pyr 2-Pyr
& 2-Pyr Ph Ph 2-Pyr Ph Ph
2k 2-Pyr 2-Pyr Ph 2-Pyr Ph Ph
£ 1 2-Pyr Ph 2-Pyr Ph Ph Ph
26 2-Pyr Ph 2-Pyr Ph 2-P yr Ph
2-Pyr 2 -Pyr Ph 2-Pyr Ph Ph
28/N/VI 2-P yr 2 -P yr Ph Ph 2-Pyr Ph
Ph 2-Pyr Ph 2-Pyr 2-Pyr 2-Pyr
52, Ph 2 -P yr 2-Pyr Ph 2-Pyr 2-Pyr 479
a .  C o rrec ted  te m p e ra tu re ;  by DTA.
b .  R eference  7.
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To b eg in  s tu d ie s  o f  th e s e  compounds, th e  2 -p y r id y l  analogues 
o f  6 were d e s i r e d  (T ab le  i ) .  2 - P y r id i l  ( ^ )  and d lb e n zy lk e to n e  were 
r e a c te d  acco rd ing  to  th e  Organic Syntheses  p ro c e d u re 1 f o r  th e  p re p a ra ­
t i o n  o f  te t ra p h e n y lc y c lo p e n ta d le n e o n e  ( £ ) ,  b u t  In s te a d  o f  th e  expected  
1() the  c o l o r l e s s  a lc o h o l  ^  was o b ta in ed  in  e x c e l l e n t  y i e l d  (93$)* De­
h y d ra t io n  o f  ^  to  th e  d e s i r e d  d a rk  red  10̂  d id  no t r e a d i ly  occur under
-OH
1-Pyr
2 -P y r
S I
a c i d i c  o r  b a s ic  c o n d i t io n s ,  b u t  was e a s i l y  accom plished by u t i l i z a t i o n  
o f  h o t  hexamethylphosphorous t r i a m id e  (HMPA).2
Thus, o th e r  t e t r a a ry lc y c lo p e n ta d ie n e o n e s  can be p repared  as 
shown in  Scheme I .  For example, ^ 2 ,  p rep a red  from r e a d i ly  a v a i la b l e  
s t a r t i n g  m a te r i a l s  (2 8 $ ) ,  r e a c te d  w ith  b e n z i l  (^4) to  g iv e  £  ( 31$ ov er­
a l l ) .  S im i la r l y ,  crude  ^  was o b ta in e d  in  10$ o v e r a l l  y i e ld s  and in  
p re l im in a ry  r e a c t io n s  w ith  b e n z i l  o r  2 - p y r i d i l  (^Jj) gave only  very
sm all  amounts o f  dark  c r y s t a l s ,  b e l ie v e d  to  be 11̂  and 1^, r e s p e c t iv e l y .
With th e s e  two new c y c lo n e s , and 10 ,̂ and two a c e ty l e n e s , 
d ip h e n y la c e ty le n e  (7) and d i ( 2 - p y r id y l ) a c e t y l e n e  ( 2 ) ,  fo u r  new h e x a ry l -  
benzenes were p repared  (Table I I )  u s in g  th e  method o f  F i e s e r . 7
This p r o j e c t  was slowed by th e  d i f f i c u l t y  in  p re p a r in g  pure 
This  p r e p a r a t io n  i s  a t  p r e s e n t  only  th e  m inor r e a c t i o n  p ro d u c t ;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Scheme I








2) HVH ,0 O u u
ArCHjCN (Ar»Ph) 
3 3  (Ar-2-Pyr)
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th e  major r e a c t i o n  o f  p ic o ly lL i th lu m  w ith  2 - p y r i d y l a c e t o n i t r i l e  i s  
a p p a re n t ly  hydrogen a b s t r a c t i o n .  A more e f f i c i e n t  ro u te  to  th e se  
propanones i s  n ece ssa ry  to  c o n t in u e  th e  work.
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EXPERIMENTAL PROCEDURES
R eac tio n  o f  2 - P y r ld l I  w ith  D lben zy lk e to n e . S im i la r  to  th e  
p u b l ish e d  p rocedure  f o r  p r e p a r a t io n  o f  t e t r a p h e n y lc y c lo n e , 1 2- p y r i d i l  
25*3 S» 0 .119  mol) and d lb e n zy lk e to n e  ( 25 .0 g , 0 ,119  mol) were d i s ­
so lved  In  I 50 ml o f  a b s o lu te  e th a n o l .  The tem p era tu re  was r a i s e d  to  
78°  and a s o lu t i o n  o f  po tass ium  hydroxide (3*63 g ,  O.O65 mol) i n  30 ml 
o f  95$ e th a n o l  was slow ly added over  I 5 m in u te s .  The r e a c t i o n  medium 
changed to  dark  r e d .  The m ix tu re  was r e f lu x e d  I 5 m inutes and upon 
c o o l in g  to  0°  a f fo rd e d  33*2 g (70$) o f  c o l o r l e s s  2 , 5-d ip h e n y l - 3 ,l*- 
d i ( 2-p y r id y l) - l* -h y d ro x y c y c lo p e n t-2- e n e - l - o n e  mp 178- 180° ;  i r
(KBr) 3 l<00 ( -0 H ) , 1710 (C=0), 1590, 11*60, H*30, 131*5 , 111*5 (C -0 ) ,  1000, 
753, and 700 cm- 1 ; nmr (CDC13 ) 6 k . j k  (C0CH-, s ,  1H), 6 .5 5  (-0H, s ,
1H), 6 . 9 - 7 .8  (arom-H, m, 1 6 h ) , 8 . 2 - 8 .6  (6-py r-H , m, 2H).
A n a l. Calcd f o r  O ^ H a o N ^ :  C, 8 0 .1 8 ;  H, h . 9 8 ; N, 6 .9 3 .
Found: C, 79-87i H, 4 .8 9 ;  N, 6 . 72 .
The mother l i q u o r  was r e f lu x e d  f o r  s e v e r a l  hours  b e fo re  be ing  
tak en  to  d ryness  in  vacuo . The r e s id u e  was d is s o lv e d  in  ch lo ro fo rm  and 
washed w ith  w a te r .  The o rg an ic  l a y e r  was evap o ra ted  and th e  r e s id u e  
r e c r y s t a l l i z e d  from b en ze n e -e th a n o l  t o  f u r n i s h  an a d d i t i o n a l  10 .7  g 
(93$ combined y i e l d )  o f
Attempted D ehydra tion  o f  51. Method A. j . -T o lu e n e su lfo n ic  
Acid C a t a l y s i s . The above a lc o h o l  (3 2 .2  g ,  82.1* mmol) in  200 ml ben­
zene w ith  £ - to lu e n e s u l f o n lc  a c id  (0 .3  g ,  1 .58  mmol) was r e f lu x e d  fo r  
30 m in u tes .  Upon c o o l in g ,  th e  s t a r t i n g  a lc o h o l  was recove red : 20 g
(6 2 $ ) ;  mp 179-180°.
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Method B. A ce tic  A nhydride . The above a lc o h o l  (1 . 0 )  g ,
2 .6  mmol) In  20 ml a c e t i c  anhydride  was r e f lu x e d  f o r  JO m in u tes .  Excess 
s o lv e n t  was removed iji vacuo . The r e s id u e  was suspended in  1<00 ml o f  
e t h e r  and c a r e f u l l y  washed w ith  10$ sodium b ic a rb o n a te  s o l u t i o n .  The 
o rg a n ic  l a y e r  was c o n c e n tra te d  and t i c  ( e th y l  a c e ta te -e y e lo h e x a n e )  
in d ic a te d  s i x  components. The r e a c t i o n  p ro d u c ts  were no t de term ined!
Method C. S trong  Base. A lcohol ^  (1 .0  g ,  2 .5  mmol) and 
p o ta ss iu m  _t-butoxide (0 .3  g ,  2 .5  mmol) i n  r e d i s t i l l e d  t : -b u ty l  a lc o h o l  
(25  ml) were r e f lu x e d  f o r  1 .5  h o u rs .  Upon c o o l in g ,  a  red  s a l t  was c o l ­
l e c t e d .  T reatm ent o f  t h i s  s a l t  w ith  w ate r  a f fo rd e d  u n re a c te d  s t a r t i n g  
m a t e r i a l .
Method D. Aqueous A c id . A lcohol ^1 (1 .0  g ,  2 .5  mmol) was 
r e f lu x e d  in  75 ml  o t  5$ h y d ro c h lo r ic  ac id  f o r  7-5  h o u rs .  A f te r  n e u t r a l ­
i z a t i o n  w ith  sodium c a rb o n a te ,  t h e  m ix tu re  was e x t r a c te d  w ith  ch lo ro fo rm . 
Removal o f  s o lv e n t  q u a n t i t a t i v e l y  re tu rn e d  s t a r t i n g  compound, which r e ­
c r y s t a l l i z e d  from e th a n o l  gave £1: J00 mg (7 0 $ ) ;  mP 179"180°.
2 . 5 -D ipheny l-5 .4 -d i ( 2 -p y r id y l ) c y c lo p e n ta d ie n e o n e  (10 ) .  A lcohol 
^1 (960 mg, 2 .4  mmol) i n  10 ml HMPA was re f lu x e d  1 to  5 m in u te s . 2  The 
s o lv e n t  was removed by vacuum d i s t i l l a t i o n  a t  550 (0 . I 5 mm). The r e s id u e  
was r e c r y s t a l l i z e d  from benzene-pe tro leum  e th e r -B  to  a f f o r d  680 mg (67$) 
o f  dark  red  1U: mp 197 .5 "1 9 8 .5 ° ;  nmr (CDC13 ) 6 6 . 5- 8 .8  (arom-H, m); i r  
(n u jo l )  1715 (C=0 ) ,  1580 , 1560 , 1115 , 1085 , 991, 824, 79b,  758 , 752 ,
713, and 69b cm"1; uv (MeOH) 250 nm (1 8 ,9 5 0 ) ;  v i s  (MeOH) 493 nm (643) .
A n a l . Calcd f o r  C27H1BN20 : C, 8 3 . 92 ; H, 4 .7 0 ;  N, 7 . 25 .
Found: C, 83*59; H, 4 .5 0 ;  N, 7 .0 8 .
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1 ,2 -  D1 (2- pyr ldy  1) -  3 ,  4 . ' j , 6- t e t  rapheny lbenz ene (18 ) .  2 ,  5- 
D ip h e n y l -3 ,4 -d i(2 -p y r id y l )c y c lo p e n ta d ie n e o n e  ( 5IO mg, 1 .3  mmol) and 
d ip h e n y la c e ty le n e  ( 5OO mg, 2.81 mmol) were mixed tho rough ly  and hea ted  
to  £ a .  3OO0 u s in g  an e l e c t r i c a l l y  hea ted  sand b a th .  The m ix tu re  r e ­
a c te d  w ith  s t ro n g  e v o lu t io n  o f  gas and c r y s t a l s  formed. A f te r  c o o l in g ,  
th e  p roduc t was washed w ith  ace tone  and c o l l e c t e d  by f i l t r a t i o n :  560 mg
(83$); mp (DTA) 1*68°; i r  (n u jo l )  I58O, 792, 747, 754, and 697 cm"1.
A na l. Calcd f o r  C40H28Na : C, 8 9 . 52 ; H, 5*26; N, 5 .22 .
Found: C, 89 . 69 ;  H, 5 .O5 ; N, 5 . I 7 .
1 , 4-D ip h en y l-2 , 3 . 5 ,6- t e t r a ( 2-p y r id y l )b e n z e n e  (30 ) .  2 , 5-
D ipheny l-3 , 4 -d i (2 -p y r id y l ) c y c lo p e n ta d ie n e o n e  (25O mg, O.65  mmol) and 
d i ( 2 - p y r id y l ) a c e t y l e n e  (25O mg, 1.39 mmol) were mixed tho rough ly  and 
hea ted  to  c a .  3OO0 (sand  b a th )  f o r  s e v e r a l  m in u te s .  A f te r  c o o l in g ,  the  
p roduc t was washed w ith  ace tone  and c o l l e c t e d :  120 mg (3 4 $ ) ;  mP (DTA)
1+79° ;  i r  ( n u jo l )  I 575 , I 55O, 800 , 'Jhk, and 697 cm"1.
A nal. Calcd f o r  C38H2eH4: C, 81+.73; H, 4 .8 7 ;  N, 10 .40 .
Found: C, 84 .44 ;  H, 4 .5 9 ;  N, 1 0 .32.
3 - (2 -P y r id y l)p h en y lp ro p an -2 -o n e  (3 2 ) .  To a p re v io u s ly  p re ­
p ared  s o lu t i o n  o f  p h e n y l l i th iu m  (0 .5  mol) in  400 ml e t h e r ,  2- p i c o l i n e  
(44 .7  8 , 0 .4 8  mol) was added over 10 m inutes and th e n  r e f lu x e d  30 
m in u tes .  P h e n y la c e to n i t r i l e  (21 .4  g ,  O .I 83 mol) was in t ro d u ced  as 
r a p id ly  as  r e a c t io n  p e rm i t t e d .  A f te r  r e f lu x  f o r  2 .5  h o u rs ,  th e  r e a c ­
t i o n  m ix tu re  was c a r e f u l l y  poured in to  c o n c e n tra te d  h y d ro c h lo r ic  a c id .  
The o rg an ic  l a y e r  was s e p a ra te d  and e x t r a c te d  w ith  a d d i t io n a l  hydro­
c h l o r i c  a c id .  A c id ic  e x t r a c t s  were r e f lu x e d  2 h o u rs ,  c o o le d ,  and th e  
pH a d ju s te d  w ith  a 40$ sodium hydrox ide s o l u t i o n  to  c a .  7*5 (h y d r io n
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p a p e r ) .  E x t r a c t io n  w ith  e t h e r  was fo llow ed by e x t r a c t i o n  w ith  c h lo ro ­
form. The o rg a n ic  e x t r a c t s  were combined, d r ie d  over sodium s u l f a t e ,  
and c o n c e n tra te d  jLn vacuo . F r a c t i o n a l  vacuum d i s t i l l a t i o n  o f  th e  
r e s id u a l  o i l  a f fo rd e d  10 . 9 b g (28$) o f  ^ 2 : bp 167-175° ( 5-5  mm) [ l i t . 3
bp Ib 0 - lb 2 °  (3 mm)], nmr (CDC13 ) - E x i s t s  a t  22$ eno l - 6  3*56 (Ph-CH2- 
o f  e n o l ) ,  3 .7 9  (Ph-CHsCO), 3 .9  (pyr-CHaCO), 5.25  (v in y l-H )  6 . 6 5-7-75 
(arom-H and -OH), 7 .9 7 -9 .1 7  (6-pyr-H  o f  e n o l ) ,  8 .b 2 -8 .6 6  (6 -p y r -H ) ;  
i r  ( n e a t )  1720 (C=0), I 65O (C=0, en o l)  1600, lb 7 0 ,  I I 5O, 800, 752, 755, 
and 702 cm- 1 .
2 . 3 .b -T r ip h e n y l - 5- (2-p y r id y l )c y c lo p e n ta d ie n e o n e  (<?) .  3" (2- 
P y r id y l)p h e n y lp ro p an -2 -o n e  ( 5 .8  g ,  27 .5  mmol) and b e n z i l  (5*2 g ,  2b . 8 
mmol) in  30 ml 95$ e th a n o l  were h ea ted  to  r e f l u x .  A s o l u t i o n  o f  p o ta s ­
sium hydrox ide  (700 mg, 12.5  mmol) in  10 ml o f  95$  e th a n o l  was in tro d u ced  
dropw ise . A f te r  h e a t in g  an a d d i t i o n a l  I 5 m in u te s ,  th e  m ix tu re  was d i l u te d  
w ith  c a .  10 ml w a te r ,  and a f t e r  b8 hours a f fo rd e d  6 .7 2  g (67$) o f  a crude 
orange in te rm e d ia ry  a l c o h o l ,  mp Ib5“ l90°  ( d ) .  S ince  t h i s  a lc o h o l  could  
not be p u r i f i e d ,  i t  was suspended in  30 ml t r i e t h y l e n e  g ly c o l  and warmed 
slow ly w ith  s t i r r i n g  to  195°. A f te r  a l lo w in g  to  s ta n d  s e v e r a l  h o u r s ,  
th e  m ix tu re  was d i l u t e d  w ith  an equal volume o f  m ethano l.  The c r y s t a l s  
were f i l t e r e d  and washed w ith  methanol t o  a f fo rd  2 .9 5  8 (5*-$ o v e r a l l )  o f  
th e  dark  red  c r y s t a l l i n e  mp 2 2 0 -2 2 l° i  nmr (CDC13 ) 6 6 . 8 - 7 .8  (arom-H, 
m, 18H), 8 .b 5 -8 .5 b  (6-p y r-H , m, 1H); i r  ( n u jo l )  1685 (C=0), 1290, 79b,
7b2, 708, and 693 cm” 1; uv (MeOH) 290 (13 ,100) and 2b l nm ( 1 3 ,900) ;  v i s  
(MeOH) bb3 nm ( I2 ,9 b 0 ) .
A n a l . Calcd f o r  C28H19N0: C, 8 7 . 25 ; H, b .9 7 ;  N, 3 . 6b.
Found: C, 8 6 . 9 6 ; H, b . 88 ; N, 3 . 5O.
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1 , 2 . ^ -T r ip h e n y l -4 . ‘3 ,6 - t r i ( 2 - p y r id y l )b e n z e n e  (1))) .  2 , o , J|—
T r ip h e n y l -5- ( 2 - p y r id y l ) c y c lo p e n ta d le n e o n e  (400 mg, 1 mmol) and d i ( 2 -  
p y r id y l ) a c e ty le n e  (400 mg, 2 .2  mmol) were h e a te d  v ia  bunsen bu rn e r  
u n t i l  co m ple te ly  m e lted .  The m ix tu re  was r e c r y s t a l l i z e d  from d ipheny l 
e t h e r  (bp 259° ) ,  and a f t e r  d i l u t i o n  w ith  benzene a f fo rd ed  420 mg ( 75$)
o f  a c rude  brown s o l i d :  mp > 3OO0 . R e c r y s t a l l i z a t i o n  ( d e c o l o r i z a t io n
w ith  c h a rc o a l )  from x y le n e -ch lo ro fo rm  and d i l u t i o n  w ith  pe tro leum  e th e r -A  
gave 350 m8 ° f  a f in e  y e l lo w  powder o f  1<?: mp (DTA) 473°, 1* ( n u jo l )
1580 , 1550 , 793, 745, 737, and 698 cm"1.
A n a l . Calcd f o r  C3 gH27N3 : C ,  8 7 .1 2 ;  H, 5.0 6 ; N ,  7 .8 2 .
Found: C, 8 6 . 9 8 ; H, 4 .6 9 ;  N, 7-77-
1 . 2 . 3 . 4 . 5 -P e n ta p h e n y l-6 - (2 - p y r id y 1 )benzene (1 7 ) .  2 , 3 ,4 -
T r ip h e n y l-  5- (2-p y r id y l )c y c lo p e n ta d ie n o n e  (350 mg, O.9 I  mmol) and d i -  
p h e n y la c e ty le n e  (450 mg, 2 .5 3  mmol) were mixed in t im a te ly  and s low ly 
h e a te d  to  3 I 50 u s in g  an e l e c t r i c a l l y  h ea te d  sand b a th .  The h e a t  sou rce
was removed and th e  m e lt  allow ed to  coo l to  room te m p era tu re .  T r i t u r a ­
t i o n  w ith  ace to n e  a f fo rd e d  a lm ost c o l o r l e s s  c r y s t a l s  o f  Vf: 220 mg
(4 5 $ ) ;  mp (DTA) 466°; i r  ( n u jo l )  I 58O, 784, 731, and 695 cm- 1 .
A n a l . Calcd f o r  C4 lH29N: C, 91 -9 3 ; H, 5 .46 ; N, 2 . 59 .
Found: C, 9 1 .8 2 ;  H, 5 . 2 5 ; N, 2 .5 0 .
2 - P y r i d y l a c e t o n i t r i l e  (3 7 ) .  2 - P ic o l in e  N-oxide (55  g ,  0 .5  
mol) i n  benzene (400 ml) was b rough t to  r e f l u x  under a n i t r o g e n  atmos­
p h e re .  B enzenesu lfony l c h lo r id e  (88  g ,  0 .5  mol) in  benzene (100 ml) 
was in t ro d u ced  slow ly  over 1 h o u r . 4 A f te r  th e  a d d i t io n  was com ple te ,  
r e f l u x  was con t in u ed  f o r  a n o th e r  1 .75  h o u rs .  The cooled m ix tu re  was
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e x t r a c te d  w ith  5$ h y d ro c h lo r ic  a c id .  A c id ic  e x t r a c t s  were made b a s ic  
w ith  s o l i d  sodium c a rb o n a te  and e x t r a c te d  w ith  e t h e r  and th e n  c h lo ro ­
form. The o rg a n ic  e x t r a c t s  were combined, washed w ith  w a te r ,  d r ie d  
over sodium s u l f a t e ,  and c o n c e n tra te d  i n  v a c u o . The r e s id u e  was d i s ­
so lved  in  e th y l  a c e t a t e  and d e c o lo r iz e d  by r a p id  f i l t r a t i o n  th rough  a 
sm all column o f  s i l i c a  g e l .  Removal o f  th e  s o lv e n t  a f fo rd e d  29 g o f  an 
o i l .  An nmr spectrum  o f  t h i s  o i l  in d i c a te d  t h a t  i t  was p redom inantly  
(77$) 2 -c h lo ro m e th y lp y r id in e  (^ 6 ) :  nmr (CDC13 ) , 1+.67 ( p y r -CHg- , s ,
2H), 7 .0 -7 .9  (pyr-H , m, 3H ), 8 . 5- 8 .7  (6 -py r-H , m, 1H).
This  compound was no t p u r i f i e d  f u r t h e r ,  bu t  im m ediately  d i s ­
so lved  in  125 ml DMSO and added over 1 hour to  a s t i r r e d  m ix tu re  o f  
po tass ium  cyan ide  (25  g ,  O.382  mol) in  125 ml  DMSO. A f te r  a l low ing  
the  m ix tu re  t o  r e a c t  o v e rn ig h t  a t  3 9° ,  fche m ix tu re  was poured in to  
w a te r  c o n ta in in g  a sm all amount o f  sodium c a rb o n a te .  E x t r a c t io n s  w ith  
e t h e r  and th e n  ch lo ro fo rm  were washed w ith  w a te r ,  combined, d r ie d  over 
sodium s u l f a t e ,  and c o n c e n tra te d  j j i  vacuo . The r e s i d u a l  o i l  was f r a c ­
t i o n a l l y  d i s t i l l e d  a t  reduced p re s s u re  to  a f fo rd  I 5 .6  g ( 26$  o v e r a l l )  
o f  bp 9 It-100° (3  mm) [ l i t . 5 bp 118-120° (13 mm)]; nmr (CDCl3 ) 6
3 .9  (pyr-CH p-. s ,  2H ), 6 .9 5 -8 .1 0  (pyr-H , m, 3H ), 8 .4 - 8 .6  (6 -py r-H , m, 
1H); i r  ( n e a t )  2220 (C=N), I 585 , 1490, 1470, 1445, I 235 , 759, and 
694 cm- 1 .
1 ,5 -D i(2 -p y r id y l)p ro p a n -2 -o n e  (^ 3 ) . 6 To a p r e v io u s ly  p r e ­
pared  s o l u t i o n  o f  p h e n y l l i th iu m  (0 .3  mol) in  200 ml e t h e r ,  2 - p ic o l in e  
(28 g ,  0 .3  mol) was added th e n  r e f lu x e d  30 m in u tes .  A f te r  c o o l in g  to  
room te m p e ra tu re ,  2 - p y r i d y l a c e t o n i t r i l e  ( 9*98 g ,  84 .5  mmol) i n  50 ml 
e t h e r  was in t ro d u ced  dropwise over 1 hour and re f lu x e d  an a d d i t i o n a l
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1 .9  h o u rs .  A f te r  a l lo w in g  to  s t i r  a t  room tem p era tu re  o v e rn ig h t ,  the  
m ix tu re  was c a r e f u l l y  poured in t o  co ld  c o n c e n tra te d  h y d ro c h lo r ic  a c id .  
The e t h e r  phase was s e p a ra te d  and washed w ith  a d d i t i o n a l  a c id .  The 
a c id ic  e x t r a c t s  were re f lu x e d  1 h o u r ,  c o o le d ,  and a d ju s te d  w ith  a 40$ 
sodium hydroxide s o lu t i o n  to  pH ~  8 (hyd rion  p a p e r ) .  A f te r  numerous 
e x t r a c t i o n s  w ith  ch lo ro fo rm , th e se  were combined, d r i e d  over sodium 
s u l f a t e ,  and c o n c e n tra te d  in  vacuo to  a f f o r d  a r e s i d u a l  o i l ,  which was 
d i s t i l l e d  t o  g ive  6 .9 6  g (39$) o f  c rude jQi  bp 155“ 195°  (0 .7  
[ l i t . 6 bp I 3O -I350 (O.O5 mm)]; d l p i c r a t e  mp 210° (d )  ( l i t . 6 d i p i c r a t e  
mp 1 9 1 -1 9 1 .5 ° ) .
A n a l , f o r  d i p i c r a t e : Calcd. f o r  C25H18Ne0 15: C, 1*4.78; H,
2 .7 1 ;  N, 16 . 72 . Found: C, 44 .98 ; H, 2 .6 2 ;  N, 16 .77 .
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